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N recent years, such marvelous advances have been 
made in th^ engineering and scientific fields, and 
so rapid has been the evolution of mechanical and 
constructive processes and methods, that a distinct 
need has been created for a series of practical 
workifig guidtSy of convenient size and low cost, embodying the 
accumulated results of experience and the most approved modern 
practice along a great variety of lines. To fill this acknowledged 
need, is the special purpose of the series of .handbooks to which 
this volume belongs. 

C In the preparation of this series, it has been the aim of the pub- 
lishers to lay special stress on the ^i/'o^'^/ca? side of each subject, 
as distinguished from mere theoretical or academic discussion. 
Each volume is written by a well-known expert of acknowledged 
authority in his special line, and is based on a most careful study 
of practical needs and up-to-date methods as developed under the 
conditions of actual practice in the field, the shop, the mill, the 
power house, the drafting room, the engine room, etc. 

C These volumes are especially adapted for purposes of self- 
instruction and home study. The utmost care has been used to 
bring the treatment of each subject within the range of the com- 



inon UDderstanding, so that the work will appeal not only to the 
techuieally trained expert, but also to the begiuner and the self- 
taught practical man who wishes to keep abreast of modern 
progress. The language ia simple and clear; heavy technical ttrms 
and the formulse of the higher mathematics have been avoided, 
yet without sacrificiug any of the requirements of practical 
iustritction; the arrangement of matter is such as to carry the 
reader along by easy steps to complete mastery of each subject; 
frequent examples for practice are given, to enable the reader to 
teat his kuowledge and make it a permanent possession; and the 
illustrations are selected with the greatest care to supplement and 
make clear the references in the text. 

41, The method adopted in the preparation of these volumes is that 
which the American School of Correspoudeoce has developed and 
employed so successfully for many years. It is not an experiment, 
but has stood the severest of all teats — that of practical use — which 
has demonstrated it to be the beat method yet devised for the 
education of the busy working man, 

4L I'or purposes of ready reference and timely information wJien 
needed, it is believed that this series of handbooks will be found to 
meet every requirement. 
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PLANE SURVEYINa 

PART I. 



Surveying is the art of determining, from measurements made 
uj)on the ground, the relative positions of points or lines upon Ihe 
surface of the earth and of keeping records of such measurements in 
a clear and intelligent manner so that a picture (called plat) maybe 
made of the lines or areas included in the survey. The records 
should be systematically arranged so that any person with a 
knowledge of surveying can use the notes intelligently. The field 
operations, consist essentially of locating points, measuring lines 
and angles, measuring areas and laying out and dividing up areas. 
It is apparent that Arithmetic and Geometry are essential to the 
successful application of the principles of Surveying. 

The subject may be divided into two parts: Plane Surveying 
and Geodetic Surveying. 

In Plane Surveying, the portion of the earth included in the 
survey is regarded as a horizontal plane; in other words, the curva- 
ture of the earth's surface is neglected. In the ordinary operations 
of land surveying this assumption will not cause appreciable error 
as the lines and areas dealt with are of a limited extent. 

As Geodetic Surveying, on the other hand, deals with extensive 
lines and vast areas, the effect of the curvature of the earth's sur- 
face must be taken into consideration. 

All of the operations of surveying must proceed from the 
direct to the indirect. That is to s^iy, we must first measure 
directly certain quantities upon the ground and from these calcu- 
late certain other quantities that cannot be measured directly. It 
is, therefore, apparent that all field measurements must be made 
with the utmost care, consistent with the nature of the problem 
involved, and that habitual inaccuracy and slovenly methods of 
keeping field notes must be avoided. Full details accurately 
measured and carefully and systematically recorded should be the 
aim of every engineer who would ultimately achieve success. 
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Measurement of lines. Probably the most elementary prob- 
lem that presents itself is to measure the horizontal distance be- 
tween two points without the use of instruments. 

This can best be done by pacing, provided both points are 
accessible. In order to make this method of measurement efficient, 
it is necessary to determine as accurately as possible the length of 
one's pace. To do this, lay off upon tirm, level ground by any 
convenient method, a line from 50 to 100 feet in length. Pass 
over this line from end to end, back and forth, keeping careful 
account of the number of steps taken each time the distance is 
covered. The total distance traversed, divided by the total number 
of steps will give the average length of one's pace. In thus 
ascertaining the length of the pace do not attempt to cover three 
feet at every step. It is better to adopt a natural, swinging gait. 

Having thus determined the length of one's pace, the distance 

between two points may be measured approximately by walking 

in a straight line from point to point 

and counting the number of steps. 

This number multiplied by the length 

of step will give the length of line 

required. If the intervening space 

between the points cannot be trav-. 
Fig. 1. * 

ersed, as for instance when the two 

points are on opposite sides of a stream, the wadth of the stream may 
be ascertained approximately by stationing an observer on each 
side and noting the time elaj)sing between the flash of a pistol 
and the sound of the report. This interval, in seconds, multiplied 
by 1,090 (velocity of sound in feet per second) w'ill give the dis- 
tance in feet. Proj)er allowance must be made for direction and 
intensity of wind and therefore measurements of this kind had 
best be made upon a quiet day. 

Another elementary problem frequently met with is as follows: 
Required to determine the altitude of an object such as a house or 
a tree, without the use of an instrument. 

To solve this problem, take an ordinary lead pencil and hold 
it in a vertical jmsition about two feet from the eye, the observer 
being far enough from the object for the visual angle intercepted 
by the pencil to just cover the object from top to bottom. The 
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observer then paces the distance from his position to the object. 
The height of the object is determined as follows : 

Let A, Fig. 1, represent the position of the observer's eye; 
BC the pencil held at the distance AD from the eye; EF the object 
whose height is to be ascertained. AH is the distance from the 
observer to the object and is to be paced. Then from similar 
triangles we have 

T>p y ATT 

BC : EF : : AD : All, or EF = — Vy^" 

' AD 

For example, suppose the pencil is seven inches long and is 
held at a distance of two feet from the eye; the distance from the 
observer to the object being 85 feet. Then from the formula 

7 
j2 X85 

EF = 2 — = 24.8 feet nearly. 

« 

In this, as in other problems, all quantities should be reduced to 
the same units. 

The examples just given must be understood as illustrations 
merely and the student should avoid slipshod methods ; under- 
standing that his best efforts will be needed in all surveying prob- 
lems, and that the best is none too good. 

SURVEYINQ WITH INSTRUMENTS. 

Qunter's Chain, so called from the inventor, is well ada{)tcd 
to all classes of problems involving the calculation of areas from 
lines measured in the field. For many years this chain has been 
the English linear unit for all land measurements. It should be 
made of steel; it is ()6 feet or 4 rods in length and has 100 links, 
each 7.92 inches. The handles are fitted with swivels to prevent 
the chain from kinking, and at every tenth link from either end is 
attached a brass tag with 1, 2, 3 or 4 prongs to assist in measuring. 
Thus the tag of four prongs indicates 40 links from one end,* (See 
Fig. 2) but it represents 60 links from the other end; therefore 
care must be exercised in measuring, or distances may be measured 
from the wron'g end of the chain. Tlie 50-link mark is round 
in form so that it may he easily distinguished from the other tags 
Since the parts ar^ called links, the length is expressed in chains 
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and links; it is written thus: 15 chains aod 82 links is 15.82 
chains. 

It is true that this chain is rapidly going ont of use, yet one 
should be thoroughly acquainted with it, because many of the land 
records in this country are based upon it. In computing areas, 
the chain has the advantage that square chains are easily reduced 
to acres by simply moving the deciminal point one place to the 




Fig. 2. 
left; for example, achaiii is (i(> feet; the square would befi0x66 = 
iiiijti square feet, which is ^'^ of an ai-re. A rectangular lot hav- 
injT two sides of 6.32 and 2.15 chains respectively = 13.5^80 
Hqnare chains or 1.3588 acres. 

QUNTER'S OR LAND MEASURE. 

7.1I2 inches 1 link 

100 links or tidfett or 4 rods 1 chain 

10 square chains or 4 roods 1 acre ^=43SfiO square feet 

(i-lO acres 1 square mile 

A two-rod or half chain is sometimes used instead of the full 
Gunter's chain. Its only advantage is in the convenience of band- 
ling a shorter chain when working over uneven ground. Formerly 
the engineer's chain was almost universally employed in making 
surveys for surface canals, sewers, water-works systems, etc. It 
differs from the (iunter's chain in that is 100 feet in length and con- 
tains 100 links, each of which is, therefore, 1 foot long. 

Tho unit of linear measure in the United States is the foot. 
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In measuring lines, a chain 100 feet long, divided into 100 links, 
is now in use. Distances are recorded in feet; decimals of a foot 
being used when possible. In cities where accurate and precise 
measurements are necessary, various kinds of tapes are used having 
the foot divided decimally. 

It has been decided both by custom and law that the length of 
the boundary lines of a field is not the actual distance on the surface 
of the ground, but is the projection of that distance on a horizontal 
plane. The area of a field is not the exposed superficial surface, 
but as above stated, the projection of that surface on a horizontal 
plane. For this 7r(tsofi^ hi all land surveyimj^ horizontal dis- 
tances are to be measured and from these the areas computed. 

The Gunter's chain, as well as the engineer's chain, is a very 
inaccurate device for measuring distances and areas unless special 
precautions are taken to counteract the errors to which it is liable. 
Some of these errors are cumulative and some compensating, and in 
what follows no attempt will be made to classify them. Some of 
the causes of errors will be pointed out and the surveyor should 
do all in his power to eliminate them. 

The chain will sag between supports and thus the distance 
measured will be too short. This is sometimes allowed for by 
making the chain a given amount longer than the standard. Again, 
the chain may be standard under a certain pull and temperature, 
and for very precise work a spring balance is attached to one end 
of the chain to register the pull. A thermometer also is provided 
but is of little value from the fact that the temperature of the 
chain may vary considerably from that of the atmosphere. Still 
further, the length of the chain is likely to be increased from the 
wear of the links and connections. Each link with its connec- 
tion has six wearing surfaces so that if each surface is worn away 
but J J 15- inch the chain will elongate (J inches. The rings and 
loops at the end of the links are frequently stretched out of the 
true form, thus elongating the chain ; or the links may become 
bent, thus shortening the chain. In pulling the chain over the 
ground the links and rings have a tendency to collect weeds, mud, 
etc., and thus shorten the chain. In cold weather, ice and snow 
may collect in the joints with the same result. In using the chain, 
the links and rings kink and twist, and a sudden jerk may break 
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the chain. For these reasons the chain is not at present used as 
much as formerly. 

The Tape. Tapes are made of various materials and are known 
as linen, metallic and steel. 

Linen tapes, from the nature of the material, are likely to twist 
and tangle and when wet are easily stretched; for theefe reasons 
they do not long retain their standard length. They are used only 
in the roughest kind of work. Metallic tapes have a linen body 
with threads of copper or brass running throughout their length. 
These metallic threads prevent twisting and tangling and in a gen- 
eral way assist in preserving the standard length of the tape. They 
are better than linen tapes but not suitable for "good" work. 

Steel tapes are of two kinds, *'ribbon" and "band." Kibbon 
tapes are made of thin steel about § inch wide. They are usually 
made in lengths of 50 or 100 feet. They are divided into feet, 
tenths and hundredths of a foot, the divisions being etched upon 
the tape. The other side of the tape is sometimes divided into rods 
and links to adapt it to land surveying, and it is either wound up 
into a leather case or upon a reel. 

Ribbon tapes are generally used when considerable accuracy 
in measurements is required, such as laying out foundations for 
buildings, bridge piers, measuring up sewer lines, etc. From the 
nature of their construction, they will not stand much wear and 
tear, and are therefore not adapted to the rough usuage of general 
field work. If carried in the case or reel, on account of the sharp 
bend at the center, the tape will soon break off at that point. 
After use in the field, the tape should be carefully wiped off and 
oiled if necessary, as the rust will obliterate the graduations and 
make it difficult to read. In using the ribbon tape in the field, 
care must be exercised to prevent twisting and kinking or catching 
under sticks or stones, as a slight jerk will break it. 

The band tape is best adapted to general field work and to 
rough usage. It is made of heavy steel about -^^ of an inch wide 
and 100 feet long, divided into feet; usually the first and last foot 
are divided into tenths. The one-foot divisions may be marked 
by rivets, although the rivets tend to weaken the taj)e. They are 
sometimes marked by solder, which is notched at the proper point 
and stamped with the number. They are usually fitted with light. 
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detachable bandies for use in tbe field, but these are easily displaced 
or often lost in dragging the tape over stones or through grass. It 
is better to tit the tape with leather handles large enough to easily 
go over the hand. After use, the band tajm should be gathered 
up in loops about three feet long and tied in the middle forming a 
figure eight. If it is desirable to wind the tape upon a reel, there 
are at present upon the market, several styles of reels, stiff in con- 
struction and convenient to carry. 

The taj>e, like the chain, is likely to change 
in length due to changes of temperatures, and 
unless the proper piill is applied to the ends 
it will measure short of the standard. Al- 
together it is more accurate than the chain and 
of late years has largely replated it for all 
kinds of field work. Indeed, with proper 
precautions, it has been found possible to 
obtain nearly as accurate results as with the 
most elaborate apparatus designed for meas 
nring lines. 

Since the methods of using the chain in 
the field are the same as for using the tape it 
will be siiftieient to explain the methods of 
using the latter. 

In connection with the tape there should be provided a set of 
eleven marking pins from 15 to 18 inches in length. To each pin 
should be attached a piece of red flannel to prevent its being over- 
looked in the grass. There should also be provided two rods 
(called flags), from 6 to S feet in length divided into foot lengths 
and painted alternately red and white. These rods are sometimes 
constructed of straight white pine, but ^-ineh gas pipe fitted with 
a steel shoe is better. It is desirable also, to provide a plumb-bob 
and string, and a hatchet. 

Use of the Tape or Chain. For measuring a line with the 
tape, two men are required, a "leader" and "follower," or /f-uf 
and ffir tapemen. The first step is to set one of the flags at the 
far end of the line to be measured, or if the line is too long, only 
as far ahead as can be distinctly seen. It is best to mark the 
beginning of a line with a stake driven as closely to the ground as 
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circumstances will permit. The tape is then unrolled or unfolded 
in the direction of the line, the 100-foot mark going ahead. The 
leader takes the pins and the forward end of the tape and with a 
flag walks off in the direction of the forward end of the line, 
dragging the tape after him. When nearly one hundred feet away 
the follower cries " down " and the leader faces the follower holding 
the flag vertically to be signalled into line by the follower. The 
tape is then stretched and straightened and a pin stuck vertically 
into the ground exactly at the 100- foot mark. The leader then 
picks up his end of the tape and starts off as before, the process 
being repeated each time, except that the follower must be particular 
to pick up each pin that is left in the gi'ound by the leader. 

If the line is more than eleven tapes in length, after the 
leader has stuck his last pin he cries " pins " and the follower 
delivers to him the ten pins that he has picked up. If the line to 
be measured is very long, some method should be adopted for 
keeping count of the number of times the pins have been exchanged. 
If the line ends with less than the length of a tape, the leader pulls 
out the tape to its full length, not sticking a pin, -however, and 
then walks back and notes the distance from the last pin to the end 
of the line. This distance added to the number of pins held by 
the follower, including the last one stuck, will give the distance 
from the point at which the pins were exchanged. For instance, 
if the follower has six pins and the end of the line is (55 feet from 
the last pin, the entire distance from the point of exchange of pins 
is 665 feet. It must be remembered that each exchange of pins 
counts for 10 tape lengths or 1,000 feet. 

Chaininfi^ on Slopes. One of the most important uses of the 
chain is to measure accurately distances where the surface of the 
land is uneven or of a sloping nature. In measuring up or down 
a slope, one end of the tape is raised until the top is as nearly as 
possible in a horizontal plane. If the slope is too steep to permit 
of one end of a full tape being raised enough to bring the tape 
horizontal, the tape is ^'broken," that is to say, only a part of the 
tape is used at each measurement. To do this the tape should be 
stretched to its full length, the leader returning to such a point 
upon the tape that the portion between himself and the follower 
may be properly leveled. A measurement is made with this por- 
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tion, the operation being repeated with the next section of tape and 
80 on until the entire tape has been used. Care sliould be taken 
not to confuse the pins. The higli end of the tape may be trans- 
ferred in any one of several ways, depending ujK)n the degree of 
accuracy required. For great accuracy, a plumb-bob should be 
used but it should not be dropped and the j)in placed in the hole 
made. It should be placed about where the bob will drop and the 
grass should be tramped dow^n and the ground smoothed. The 
bob should then be lowered carefully until it almost touches the 
ground and allowed to come to rest. Then lower it until it reaches 
the ground when the pin should be stuck in the ground slantwise 
across the line exactly at the point of the bob. If less accuracy is 
permissible, it may be sutticient to drop the pin, ring end down 
and note where it strikes the ground, or a pebble may be dropped 
in the same w^ay. In measuring u[)hill, the follower must hold the 
bob directly over the pin in the ground while he aligns the 
leader and sees that he sticks the pin while the bob is directly 
over the ]K)int in the ground. It is much easier to measure down 
than up hill so that when close measurements are required on 
slopes, the measurement should, if possi])le, be made down hill. 
Even under the most favorable conditions measurinxr lint^s with a 
tape is a most difficult operation for experts, and beginners cannot 
expect to attain efficiency except by constant j)ractice and careful 
attention to every detail that will tend to eliminate error. For the 
method of chaining up and down hill, see Fig. 8. 

Let it be required to iind the distance A ^E, at which ])oints 
two hubs have been established. Let A E (' 1)E F, etc., be the 
points of the successive chaining and </ h r fh etc., the horizontal 
planes. Starting from the point A; suppose the surface between 
A and B to be of no great difference in elevation, therefore, the full 
length of the chain can be used between these two points. The 
head chain man gcH^s to the ])oint B, and holds the head end of the 
chain on the ground, while the rear chain man holds the zero end 
at A and with aid of the j)]umb-b()b "plumbs down/' thus chain- 
ing the distance horizontal. This distance nu^asured, the head 
chainman establishes a pet/ in the irrt)un(l and calls out the (lis- 
tance "One hundred'' or station one, then goes to C, which must 
be approximately low enough to allow the rear chainman to con- 
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veriiently plumb down to B. In this case the slope of the hill is 
greater than that between A and B, .thus the impracticability of 
using the full length of the chain is apj)arent. This distance, 
therefore, is taken at a fractional part of the chain, as before stated, 
called ''breaking the chain." The distances at such breaks should 
always be taken at an even number of feet whenever possible and 
at distances that are easily remembered, as 10, 20, 25, 50 feet, etc. 
The leader in every instance calls out the distance of such "breaks" 
and the rear chainman goes to the next peg and holds off the num- 
ber of feet previously called out. Now as the distance A B is 100 
feet and the distance B C 40 feet, the head chainman at C calls 
out "1 plus 40," meaning 140 feet from A. He next goes to I) and 
the rear chainman calls out the distance measured "1 plus 40" and 
holds off 40 feet at Ik and plumbs down to (\ In this case the 
leader also plumbs down from c to D. This method is continued 




Fig. 3. 

until M is reached, using the system of 1, 2, 3, 4, etc., plus the 
fractional measured distance, instead of using the whole number, 
as 125, 225, etc. The rear chainman should gather the pins after 
a new point has been established. As already stated the chaining 
can be checked by counting the pins picked up. Always allow 
the last pin to remain in the ground until absolutely certain it is 
no longer desired and can be of no further service. It is im- 
portant that the distances should be checked by l>oth chainmen a^ it 
may prevent serious mistakes, and in some cases prevent rechaining 
the entire distance. Distances in places where angles are taken 
are sometimes checked in the office by Trigonometry. 

A few hints in regard to the use of the tape may not come 
amiss.- 

Always measure to and from the same side of a [)in. 

Hold the end of the tape as near the ground as possible. 

Before sticking the pin, be sure there are no kinks in the tape 
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and that the tape is not deflected to one side by jfmss, .sticks or 
stones. 

Never straighten the tape with a jerk; raise it clear of the 
ground and straighten and stretch with a steady pull and lower 
steadily into place. 

The tape man should never brace himself against a pin; he 
should assume a position of stable equilibrium, preferably with one 
hand upon the ground. 

In passing over uneven ground, every reasonable effort should 
be made to hold the tape level. Too much time should not be 
spent in attempting to hold the end of the tape exactly over the 
point in the ground when the difference of level of the ends of the 
tape is suflicient to neutralize what would otherwise be considered 
an accurate measurement. 

In passing over rough ground the tape should be carried free 
from the ground, tlilis saving it unnecessary wear. The length of 
the tape is likely to vary from time to time, from changes in tem- 
perature, from constant stretching and from accident in the Held. 
For this reason the surveyor should compare frequently the lengths 
of his tapes with that of a standard. The length of the standard 
tape may sometimes be conveniently laid off upon the floor of a 
building, or two monuments may be set in the ground, the proper 
distance between them being measured either by a standardized 
tape or by means of wooden rods. Having found the error in the 
length of the tape the necessary corrections can then be made. If 
a line has been measured upon the ground, and it is afterwards 
found that the length of the tape is in error, the true length of 
the line may be found from the following proportion: the true 
length of the tape is to the length of the standard tape, as the true 
length of the line is to the length of the line as measured. 

Suppose a line as measured, is found to be 025 feet in length 
and it is afterwards found that the tape is too long, by six inches. 

Then we have: 100.5 : 100 :: a? : 625 

from which x = true length of line = 628^ feet. 

EXAMPLES FOR PRACTICE. 

1. A line as measured with a certain tape is 580 feet in 
length. It is afterward found that the taj)e is ^\ of a foot too 
short. Determine the true length of tiie line. Ans. 578.20 feet. 
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2. A line is known to be 840 feet in length, but when meas- 
ured with a certain tape is found to be 842A feet in length. Deter- 
mine the true length of the tape. 

Ans. 99.7 feet. 

3. A certain field was measured with a Gunter's chain and 

found to contain 625 acres. It was afterwards found that the chain 
was ^ foot too long. Determine the true area of the field. 

Ans. f)28.13 acres. 

If an area has been measured with a certain tape that is after- 
wards found to be in error, the corrected area may be found by the 
following proportion : The square of the true length of the tape is 
to the square of the length of the standard tape as the true area is 
to the measured area. 

Examples will now be given illustrating the use of the chain 
or tape, in the field. 

1. To erect a jperpendienlar at a given point in a line. 
Let AB Fig. 4 be the given line and C the point in the line at 

which it is desired to erect a perpen- 
dicular. Since a triangle formed of 
the sides 3, 4 and 5 (or any multiple of 
these) will contain a right triangle, take 
parts of the chain or tape representing 
these distances or multiples and have 

^ the angle included between the shorter 

sides at 0. Therefore, fasten one end 
^''^- ^" of the tape or chain at E, 30 links or 

feet from C and the 90th link or foot 
at C. Then with the 50-foot mark in one hand, walk away from BC 
until both of the segments DE and DC are taut. Stick a pin or 
stake at D and DC will be the perpendicular required. If the 
perpendicular should be longer than can be laid out with the tape 
or chain, lay out CD as described and align a ''flag" from C to D 

produced. 

2. To let fall a perpendicular to a given line fro n\ a (jtocn 

point outside the line, (a) When the point is accessible: 

Let AB Fig. 5 be a given line and C a point. From (' as a 
center, with any convenient length of tape or chain as a radius, 
describe the arc DE, cutting the given line at points D and E. 
Stick pins at D and E and measure the distance. Bisect this dis- 
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tance at F; then CF will be tbe perpendicular required. If the 
line AB is too far from C to be reached with tbe chain or tape, it 
will be necessary to range out a line conveniently near to C which 
shall be parallel to AB. To do this erect at any convenient point 
on AB, as at N, Vi^r. 0, the perpendicular, and prolong it as far as 
necessary, as K. At K, erect RS perpendicular to RN. Then the 
perpendicular let fall from C upon RS and prolonged to AB will 
be perpendicular to AB. 



(b) When the point is inaccessible; 
given line and (' the inaccessible point fn 
drop the perj)eiidicular to the 
line AB. At any convenient ^ 

point F in AB erect tbe per- 
pendicular FI) and extend FD 
to E, so that FE=FD. Locate 
the point B so that B, I) and C 
will be in the same straight line. 
Sight from E to < ■ and find tbe 
point II in which this visual liiie '^ 
crosses AB, Next find the [K)int 
G at the intersections of DII and 
BE prolonged. Sight from (i to 
C and the point 11 in which this 
visual line crosses AB will be the 
point required and the distance 
MGwilleciuiililC. MC will be 
the perpendicular to ABat M. 

3. Tliriiiiijh a yioi'ii- j'"^"^ t' 
piittdlfl to the (jivvik lint 



Fig. 6. 
I^t AB, Fig. 7, bo tbe 
m which it is desired to 




Pi(f. 7. 



> th.r th.lt xh.lll U 

The given point and given line being 

accessible: T^et C, Fig. 8, be the given point and AB tbe given line. 



16 



PLANE SURVEYING 



From point C let fall CD perpendicular to AB. At C erect OF 
perpendicular to CD; then EF will be the parallel required. 

4. To prolong a line beyond an ohntaeJe, Let AB, Fig. 9, 
be the given line which is intercepted by a tree, house or other ob- 
stacle. It is required to locate the line CD which will be in the 
direction of AB produced. At B erect BE perpendicular to AB 
of sufficient length to clear the obstacle and at E erect EF perpen- 
dicular to EB prolonging EF beyond the obstacle. At F and C 
erect perpendiculars to EF and CF making CF equal in length to 
BE, then (^D will be the line required and the distance from A to 
D will equal AB plus EF plus CD. 




Pig. 8. Fig. 9. 

5. When> both ends of a line are accessihle^ but the line 
cannot be meosffrtd directly^ on account of obstacles. 

At each end of the line erect perpendiculars of equal length 
sufficient to clear the obstacles, and measure the length of the line 
between the extremities of these j)erpendiculars. 

6. When both ends of a line are acres^ible^ but neither can 
be Haenfrom the other ^ thus iweventing direct alignment. 

Such a case occurs when it is desired to run a line across a 
wooded lield, the trees and un- 
derbrush preventing the align- A ■ ^..^® ® ®)n(& ft <£> O 
ment of the intermediate sta- 
tions. Let AB Fig. 10 be the 
line whose length is desired. 
From A run a line A B' (called 
a random line) in any conven- 
ient direction and continue it till the point B can be seen from B'. 
At B erect the perpendicular BB' to AB and measure ^W , Then 
from the right angled triangle ABB' we w41l have 




Fig. 10. 



AB 



= ^AB'- 



BB' 



r 
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The distance from A to any intermediate station as C can be 
found by measuring the length of the perpendicular CC to AB. 
From similar triangles we have 

AC :CC'::AB : BB' 
CC X AB 



or A0 = 



BB' 



7. To locate pointn in a line over a hill^ both ends of 
which are visible from points near the summit. 




A ' ^ - -^"^ $1 &. =^^=— B 

Fig. 11. 

Set a flag at each of the points A and B Fig. 11. One man 
then goes to D, as closely in line with A and B as can be esti- 
mated. He then signals a man at C in line with A. C then 
signals D to D' in line with 
B. D' sicrnals C to C in 
line with A and so on alter- / 
nately until the points C" and 
D" are reached in line with 
A and B. 

If the points A and B can- 
not be seen from the toj) of 
the hill, run a random line 
over the hill as described in 
problem () and offset to the 

true line. 

8. To locate j>oints in a line across a wide^ deep valley^ 
the extremities of the line being visible from, each other. 

Fix a point C, Fig. 12, on the edge of the slope in line with 
A and B. Then holding a plumb-line at C and sighting across 




Pig. 12. 
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to B the intermediate points D, E, F and C can be put into line. 

1. The Field Work of* Measurinfi^ Areas. Zet vs con- 
sider the tnatufuhir jii'ld AIiL\ 2^^hj, J 3. Beginning at any 
convenient corner as A, measure from A to B, then from B to C, 
and finally from C to the point of beginning. Should a stream 
cut across the field as shown, measurements should be made from 
the corners to the points where stream crosses the boundary lines. 

Should it be found impossible to measure the 
sides of the field directly, owing to zigzag 
fences or other obstacles, offset parallel lines 
as in the figure and measure the length be- 
tween such parallels. 

The area of the figure may be found from 
the following rule: From one-half the sum of 
the three sides, subtract each side separately. 
Multiply together the half sum and the three 
remainders and extract the square root of the 
product. This rule is explained in Art. 198 of Elementary Alge- 
bra and Mensuration. 

If the lengths of the sides are given in chains, the area w^ill 
be given in scpiare chains. If the lengths of the sides are in feet, 
the result will be in square feet. 

2. 7o HKi'vey a fonv-slded field with the tape or chain. 
Measure around the field in the same way as before, but in 
addition, it will be necessary to measure a tie- 
linebetween two opposite corners, thus dividing 
the fimire into two triangles, the sum of whose 
areas will give the area of the entire figure. 
Such a tie-line is shown in Fig. 14 by the dotted D| 
line DH. If neither of the diagonals DB nor 
A( / can l)e conveniently measured, measure the 
short tie-line LS for instance, and the distances 
(^S and (^L. Then in the triangle LCS the 
three sides are given, from whk*h to find the 
ano'k' LCS. Haviiicr thisanHe, we can caleu- 
late the length of DB and therefore the area of the two triangles 



Mr- 
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the field. 
If it is -not convenient to measure the tie-lines inside the field. 



composing 
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two adjacent sides as BA and DA can be prolonged to M and N 
forming the tie-line MN. It will usually be found more convenient 
to lay off CS equal to (/L, thus forming an isosceles triangleo 

3. To sut^v^ij a Hve-iihled field wHK the tajye or chain. In 
this case two diagonals as EB and BD, Fig. 15, or two tie-lines as 
es and m th must be measured in addition to the lengths of the 
sides. Whatever the number of sides, a sufficient number of 
diaoronals or tie-lines should be measured to divide the area into 
triangles from which the area of the entire field may be calculated. 
If N represents the number of sides of a field, there will be 
re(juired X 3 diagonals or tie- lines, form- 
intr N-2 triantjles. 

To simplify calculations when tie-lines 
are used in place of the long diagonals, 
the following method may be adopted : 

Measure off Knt any fractional por- 
tion of AE, and A;i the same fractional 
portion of AB and measure ?////. Then 
imi will be to EB as A/// is to AE or as K)i 
is to AB. Suppose for example that K)n 
is j\j of AE and A// is ^^ of AB. There- y'\r. 15. 

fore EB is 10 times the lentjth of nut, 

EXAMPLES FOR PRACTICE. 

1. Given the three sides of a field as 5.25, ().50 and 4.00 
chains. Find the area of the field in acres, and square rods. 

Ans. 1 acre, 31.1)8 square rods. 

2. Given (^B=3.()5 chains, ("Dr=:2.S5 chains, V.s ^( V=0.50 
chains and rA=0.()5 chains.* Calculate the area of the trianjrle 
l^CI). Ans. 5.14 s(juare chains area. 

Off-sets and Tie-lines. To find the area of a field which is 

bounded in part by a stream, it is necessary to use off -sets, as 

follows: Measure the sides of the field in the usual manner and for 

the irreixular boundarv run a straiirht line, as EI), Ficr. 1(>, and 

calculate the area of the field included between these boundary lines. 

To this area must be added the area included between the line ED 

and the irregular boundary. 

♦Xoi'e: In all problem^ involving tbp moa.surenient of land, the chain 
referred to is the Gunter s chain of 66 feet, unless otherwise noted. 
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To find this area, at points along ED, erect perpendiculars to 
the irregular shore line at such distances that the lines 1' 2', 2' 3' 
etc., may be considered straight. The desired area will evidently 
equal the sum of the areas of the trapezoid? thTi3 formed. The 
distance from E to any point 1, 2 or 3 on ED is called the abscissa 
of that point and the perpendicular distances from ED to 1' 2' 3' 
etc., are called the (nr/i/iateit of the point. 




Fig. 16. 

Instead of summing the trapezoid as above, the desired aroa 
may be found by the following rule: Multiply the difference 
between each ordinate and the second succeeding one by the 
abscissa of the intervening ordinate. Multiply also the sum of the 
last two ordinates by the last abscissa; one-half of the algebraic 
sum of these several products will be the area required. 

To Und the area of an inaccessible swamp, a lake or other 
area, run a series of straight lines entirely enclosing the given 
area, and since the diagonals cannot be measured, measure tie-lines 
either inside or outside of the area. As already stated, calculate 
the area included between the straight boundary lines and from 
ihis area substract the area included between off-sets let fall from 
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])oint8 upon tliese boundary lines. Reference to Fig. 17 will make 
the method of procedure plain. Surround the inaccessible area 
by straight lines, AB, BC, CD, etc., and calculate the enclosed 
area. At proper intervals along 
these straight lines, erect and 
measure perpendiculars ex- 
tending to the edge of the inac- 
cessible area. Compute the area 
between these perpendiculars 
by the rule on page 20 and for 
the recjuired area, subtract it 
from the area previously found. 
Since the long diagonals are not 

accessible, measure the area bv 

ft 

measuring the interior tie-lines; 
remembering that the required 
numl)er of tie-lines will be less 
by 3 than the number of sides 
enclosinop the area. 

Example. Given the dis- 
tances measured aloncr the 
straight line AB( Fig. IS) with the corresponding off-sets measured 
to the broken line A(M)E. It is re(juired to compute the area 
between A B and the broken line AC'DE. 




Fig. 17. 




Fig. 18. 



Difference of 1st and 3rd ordinate^ = 0' 7)5'- .V/ etc. 

" 2nd " 4th *' =40'- av — |- 5' 

" 3rd " 5th '• --55' 18'=-4-3T' 

•' 4th '* fUh '• --^.V/ 40* 5' 






(( 



" 5th *' 7tli * •• -18' -C0 42' 

Sum of last two ordi nates 4(7+60' -^ KXV 
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Abscissa of intermediate ordinates between 1st and 3rd= 40* X — 55' =-2200 

2nd " 4th= 90* x+ 5'= 450 
3rd " 5th=132'X+37'= 4884 
" « " *' 4th " 6th=172'X — -5'=- 860 

" " " " " 5th " 7th=217'X— 42'=-9114 

" last ordinate = 267' XlOO'=26700 

One-half the alfxebraic sum of the products as given alK)ve 

will give the recjuired area. 

32084 — 12174 ,^^^.,^^ 

_ __ i)\)ij{) 6(juare feet. 



Area 



EXAHPLE FOR PRACTICE. 

1. Given the distances measured along the straight line AB 
Fig. A with the corresponding off-sets measured to the broken line 
ACDEFB, to find the area between AB and the broken line 
A(M)EFB. Check the result by calculating the areas of the 
trapezoids and triangles of the figure. Ans. ll,87o s(|uare feet. 




Fig. A. 

Keeping the Field Notes. In kee|)ing field notes, clearness 
and fullness should be constantly kept in mind. As field notes 
often pass into the hands of a second party, they should admit of 
but one interpretation to a person at all actpiainted with the nature 
of the work. Extra time spent in the field in acquiring data will 
avoid confusion and vexatious delavs when the notes are worked 
up in the office. Avoid the habit of keeping notes u|K)n scraps of 
|>aper or in vest-|K)cket note books. Provide note b(H)ks especially 
adapted to the keeping of field records and number and index them 
so that the contents may be understo(Kl at a glance. licmember 
that sketches made upon the ground aid materially in interpreting 
field notes that otherwise mitjht be uiiintelliixil)le. 

There are three principal methods of keeping field notes; first, 
by sketches aloiie; second, by notes alone; and third by full note?- 
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supplemented by sketches. The third inethod is without doubt 
the best, but examples of the others will be friveu. For keeping 
the notes of the chain survey there should be provided what is 
known as a field book, a pencil (preferably 411), rubber eraser and 
and a short rule for drawing straight lines. 

7^/V.v/, l>ii Sketches AIotH\ Either page of the note book may be 
used for sketching but it will be more convenient to use the right- 
hand page, as it is ruled into scjuares, thus permitting sketching to 
scale. Always sketch in 
the direction of the sur- 
vey, beginning at the 
l>ottom of the page and 
making the center line 
of the page correspond 
approximately with the 
North and South lines. 

Second^ hy Notes 
Alone. Use the left- 
hand page of the note 
book beginning at the 
bottom as before. Do 
not crowd the notes, and 
if necessary use two or 
more pages. See Fig. 19. 

Fig. 19 shows the 
method of keeping the 
notes of the survey Fig. 19.- 

sliown in Fig. 20. 

Thinly hij Notes and Sl'etcheti. It is apparent that in this 
method both the first and second methods are embodied in the notes. 
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THE VERNIER. 

The vernier is an auxiliary scale for measuring with greater 
precision the spaces into which the principal scale is divided. The 
smallest reading of the vernier, or the least count, is the difference 
in length between one division on the main scale and one on the 
vernier. 

A vernier is said to be direct when the divisions on the 
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vernier are einaller than tliose on the main scale Fitr. 21 A; retro- 
grade, when the divisons on the vernier are greater than those on 
the main scale. See Fig. 21 B. 

In Fig. 22 let MM 
represent a scale divided 
into tenths; then since 
ten spaces on the vernier 
W are equal to nine 
spaces upon the scale, it 
is evident that each space 
upon W is short by one- 
tenth of a space of MM. 
The least count is there- 
fore, -U of ^V ^r ^J-^. 

The vernier and slow 
motion screw of the ver- 
tical arc of the engi- 
neer's transit are attach- 
ed to the left hand 
standard of the instru- 
ment. 

Fig. 28 represents a 
vernier as applied to an 
engineer's transit. It 
will be noticed that the 
main scale is divided so 
as to read directly to 30 minutes. The vernier is so divided that 
29 spaces upon the main scale equal 80 spaces upon the vernier, 
therefore the least count of the vernier is .^^^ of 80 minutes or 
1 minute. 
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Fig. 21. 

It will be apparent, therefore, that the readings are taken 
in the direction of the increasing graduations of the main scale. 
Thus, for example, in Fig. 23, it will be noted that the zero ((f 
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has passed the 156th space on the main scale, and is near the 30 
minute (half degree) division />, therefore the coinciding lines of 
tlie vernier and main scale must be between and 80', and we 
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find thtrm, by looking along the scale of the vernier, at 17 minutes 
hence, the reading is 15(5^ 00' + 17= 15(r 17. 




Fig. 23. 

Fig. 24 represents another method of division of the circle of 
the transit. The vernier is double, and the figures on the vernier 
are inclined in the same direction as the figures on the scale to 
which they belong. 




Fig. 24. 

It will be noticed that the main scale reads directly to 20 
minutes and that the vernier is so divided that S\) s[)aces upon the 
scale correspond to 40 spaces ujx)n the vernier. The least count 
of the vernier is therefore -f\ of 20 minutes or fjj of 1 minute 
equals 30 seconds. 

To read the inside scale, it will be noticed the zero of the 
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vernier is beyond the 138^ mark and about half way between the 
lirst and second 20' divisions. The reading so far is then 138° 20'. 
NoW' look along the vernier to the right until a line uj)on the ver- 
nier is found that seems to be a prolongation of a line upon the 
scale. This occurs at the division marked 10 upon the vernier 
so that the reading is 138° 20' + 10' or 138" 30'. 

For the outside scale, the zero of the vernier is beyond 
the 221° mark and about half way between the first and second 
20' divisions. The reading so far is therefore 221"^ 20'. Now 
look along the vernier to the left as before, and the divisions coin- 
cide at the division marked 10 upon the vernier, so that the read- 
ing of the outside scale is 221^^ 20' + 10' or 2*21^ 30'. The sum 
of the readings of the two scales equals 300° as it should. 

EXAMPLES FOR PRACTICE. 

1. Determine the least count of the Vernier in Fig. A, 39 
spaces upon the scale, being equal to 40 spaces upon the vernier. 

2. Determine the least count of the vernier in Fig. B, 5U 
spaces upon the scale being equal to 60 spaces upon the vernJer. 
The figure represents what is called di folding vernier. To read it 
follow along the vernier in the usual way until the division marked 
10 is reached. If there are no corresponding lines, then go back 
to the other end of the vernier beginning with the other 10 mark 
and follow it back toward the center of the vernier. 

3. Determine the least count of the vernier of Kig. C, wiiich 
represents the usual method of dividing the vertical circle of the 

transit. 

The Level Bubble is one of the most important attachments of 
an engineering instrument, and an instrument otherwise good may- 
be rendered useless by imperfect level tubes. 

The spirit level is a glass tube nearly tilled with a mixture of 
ether and alcohol, the remaining space being occupied with the 
vapor of ether. Alcohol alone' has not proved satisfactory as it is 
too sluggish in its movements, thereby rendering an instrument 
lacking in sensitiveness. If the tube were perfectly cylindrical, 
the bubble would occupy the entire length of the tube, when hor- 
izontal, or when slightly inclined to tlie horizon, thus rendering it 
impossible to tell when the tube is in a truly horizontal position. 
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The tube is, therefore, ground on the inside so that ^ longitudinal 
. section is a seginent of a circle. If the tube is not ground to an 
an e^^en curvature the bubble will not travel the same distance for 
• every minute of arc to the extreme ends of the tube, and an other- 
wise perfect, instrument will not work well. 





A line tangent to the circular arc at its highest j)oint, as indi- 
cated by the middle of the bubble, or a line parallel to this tangent, 
is called the axis of the bubble tube. This axis w^ill be horizontal 
when the bubble is in the center of the tube. Should the axis be 
slitjhtly inclined to the horizontal, the bubble will move toward 
the higher end of .the tube, and the movement of the bubble should 
1x3 proportional to the angle made by the axis with the horizontal. 
Tlierefore if the tul)e is graduated, being a portion of the circum- 
ference of a circle, with a radius so large that the arc* of rf few sec- 
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onds is of an appreciable length, it will be possible to determine 
the angle that the axis may make at any time with the horizontal, 
provided the angnlar value of one of the divisions of the tube is 
known. This is done by noting by how many divisions the center 
of the bubble has moved from the center of the tube. 

Since divisions of uniform length will cover arcs of less angu- 
lar value as the radius of the tube increases, and since a bubble 
with a given bubble sjmce will become more elongated as the radius 
is increased, the sensitiveness of the bubble is proportional to the 
radius of curvature of the tube and the length of the bubble. The 
lenxTth of the bubble, however, will chantre with changes in tem- 
perature, becoming longer in cold weather and shorter in warm 
weather. This is due to the fact that the liquid in the tube expands 
and contracts more rapidly than the glass. If the bubble contracts 
excessively, the sensitiveness is thereby impaired, and it should 
be possible to regulate the amount of liquid in the tube. This is 
done by means of a partition at one end, having a small hole in it 
at the bottom. A bubble should come to rest quickly, but should 
respond easily and quickly to the slightest change of inclination 
of the tube. 

To determine the radius of curvature of the tube, proceed as 
follows: Let 8 - length of the arc over which the ])ubble moves 
for an inclination of 1 second. Let K ^^ its radius of curvature. 

Then S: 27rR:: 1" : 360°. 

From which R 20()2()5xS Or = & =:. --^"f 
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S may be found by trial, the level being attached to a finely divided 
circle. Or, brinjrthe bubble to the center and sight to a divided 
rod; raise or lower one end of the level and again sight upon the 
rod. Call the difference of the readings A, the distance of the rod 
(ly and the space which the bubble moved S. Then from approx- 
imately similar triangles 

d S 



h 

EXAMPLE FOR PRACTICE. 

1. At 100 feet distant, the difference of readings was 0.02 
foot, and the bubble moved 0.01 foot. What is the radius of the 
bubble tube ? Ans. 50 feet. 
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Locke's Hand Level. This instrument consists of a brass tube 
six inches long with a small level mounted on its top at one side 
of the center near the object end. See Fig. 25. Underneath the 
level is an aperture across which is stretched a horizontal wire 
attached to a frame. This frame is made adjustable by a screw 
and a spring working against each other, or by two opposing 
screws placed at the ends of the level mounting. In the tube, 
directly below the level, and at 45^ to the line of sight, is placed 
a totally reflecting prism acting as a mirror. The images of the 
bubble and wire are thus reflected to the eye. The prism divides 
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Fig. 25. 

the section of the tube into two halves, in one of which is seen 
the bubble and wire focussed sharply by a convex lens placed in 
the draw tube at the eye end of the instrument, while the other 
permits of an open view. Putting the instrument to the eye and 
raising and lowering the object end until the bubble is bisected by 
the horizontal wire, natural objects in the field of view can be seen 
through the open half at the same time, and approximate levels 
can then be taken. To prevent dust and dampness from entering 
the main tube, both the object and the eye ends are closed with 
plain glass. 

There are two adjustments necessary in this instrument: First, 
the bubble tube: it should be so adjusted that the bubble will be in 
the center of the tube when the instrument is horizontal. Second, 
the horizontal wire; it should bisect the bubble when the latter is 
in the center of the tube. The methods of executing these adjust- 
ments are so apparent it will be unnecessary to dwell upon them 
here. 

The instrument is intended to be carried in the pocket and is 
of especial value upon reconnaissance surveys, and for sketching in 
topography upon preliminary surveys. 

For topographical purposes, the topographer should provide 
a rod about eight feet lontj, divided into foot lencrths, the divisions 
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painted alternately red and white. Upon this rod, the topographer 
should mark by a notch or other means, the height of his eye above 
the ground. Standing then upon a station of the line of survey, 
the topographer directs his assistant to carry the rod out upon 
either side of the line and in a direction at risht angles thereto, 
un*^^il a point having the proper elevation above or below the center 
line is found as determined by the topographer holding the instru- 
ment in a horizontal position at the eye. The topographer then 
paces the distance, while the assistant carries the rod to the next 
point. It is evident that if the line of sight from the instrument 
coincides with the mark upon the rod, the two points upon the 
ground are at the same level. If the line of sight strikes the rod, 
say one foot below the mark upon the rod, it is evident that the 
ground where the rod is held is one foot higher than where the 
instrument is held. These operations can be repeated indefinitely 
and made to extend as far as necessary upon either side of the line. 
The points of proper and equal elevation are then connected form- 
ing contour lines, but the topographer should fill in details by the 
eye. The methods of keeping the field notes will be illustrated 
and described later. 

Let BCXDEPG and H, Fig. 26, represent the successive rod 
readings on the right of the center line A, and B' C D' E' F' G' the 
readings on the left. Now suppose the leveler stands with a Locke- 
level at zero and the rod is held vertically at B. The line of sight 
ai bisects the rod at 8.6 feet. The distance from the ground to the 
observer's eye is 5.5 feet. Thus it is apparent the elevation at B 
will be 3.1 feet lower than at A. The observer now paces the dis- 
tance between A and B, and finds it to be 50 feet. The reading is 
now taken at C on the line of sight cd which reads 6.2 feet, hence 
the elevation of C is .7 foot lower than B, and the distance be- 
tween 20 feet. Suppose an attempt ism^e to take a reading near 
D. Since the horizontal plane from the observer's eye to the 
ground does not strike the rod, it is apparent that the rod is too 
faraway, therefore it should be moved back to a point X where the 
horizontal plane ef will bisect the rod at some division. The ele- 
vation of X having been ascertained, pace the distance CX, as in 
the former cases. This method is continued until JI is reached, 
taking the rod readings at (/ A, ij^ k /, m /^, and s y and pacing 
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the distance between each. The same 
method is used on the left-hand- side of 
the center line. However, where the 
surface of the ground has an abrupt 
change between stations, it .is customary 
to take cross sections at such changes and 
ascertain the distances between the sta- 
tions by pacing; the center line at such 
points is accepted as zero ; in the same 
manner perform the operation as if at 
a station. Where a cross road inter- 
sects the center line or any portion of the 
cross section, take readings at places that 
show an abrupt change, as the top of a 
bank, side of the road, or gutter, center 
of the road and on the other side in the 
same way and place as before. This rule 
Holds good in places where small streams 
are situated. It is not necessary to find 
the depth of the water, because the pur- 
pose of the cross section deals solely with 
the surface. AVTiere obstacles prevent the 
section being run at right angles to the 
center line, use the method of off-sets and 
secure the desired elevation as closely ap- 
proximate as circumstances will permit. 

The Abney Hand-Level and Clino- 
meter. This instrument is similar to the 
Locke hand-level, see Fig. 27, but the 
small spirit level mounted on top can be 
moved in the vertical plane and is clamped 
to a dial graduated upon one side into 
single degrees and upon the other into 
slope ratios, so that it is possible to meas- 
ure angles of slope. 

The adjustments of the instrument are 
the same as for the Locke hand-level. 

The instrument can be used in the field 
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in the same manner as the Locke hand-level, but is of more universal 
application. It is of esjjecial value upon steep slopes when the effi- 
ciency of the Locke level would be limited by the length of rod. 
In using the Abney instrument it is only necessary to mark the 
height of the eyea upon the rod. In sighting upon the rod, with 
the horizontal line coinciding with the mark upon the rod, move the 
vertical circle until the bubble is in the center of the tube, Bead 
the vertical angle, and the tangent of this angle multiplied by the 
horizontal distance to the rod will give the difference of elevation. 
If the distance to the ix)d is measured along the elope of the 




Fig. 27. 
ground, iiiultijjly this diwtance by the sine of the vertical angle to 
get the difference of elevation. 

The most satisfactory method of using this instrument is in 
connection with a straight edge from H to 10 fi'et in length. The 
straight edge is laid ujwn the ground jtarallel to the direction of 
slope and the clinometer is then applied to it, the vertical circle 
being turned till the bubble is in the center. The angle of slope 
is then read, or better still, the slope ratio is read from the vertical 
circle. This operation is rejieated at vy*^ry change of slope, the 
distances being either jmced or measured with a ta|)e. For in- 
stance, suppose the slope is found to be 00 feet in length and the 
slope ratio as given by the clinometer is ,'„. It is evident then 
that at the end of the slope the difference in elevation will be 6 
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feet. The instrument is sometimes fitted 
with a small compass and a socket for ase 
upon a tripod or Jacob staif. 

The Leveling Rod is an important part of 
the leveling outfit; it is used in measuring 
the vertical distance between the horizontal 
plane through the line of sight and the point 
upon which the rod is held. There are three 
forms in common use known as the New 
York, Philadelphia and Boston. They are 
made of hard wood 6J feet long, sliding out 
to 12 feet and provided with target, vernier 
and clamps. 

Leveling rods are of two kinds, the target 
and the self-reading. Of the target rods, 
the New York and Boston are generally used 
for precise work. Of the self-reading rods, 
the Philadelphia shown in Fig. 28 is in more 
common use. The self-reading rods are used 
only in connection with that class of work 
where approximate accuracy only is required; 
this form is generally read to hundredths of a 
foot and can be read directly from the instru- 
ment by the observer without the aid of the tar- 
get, as is suggested by the name. However, 
with the aid of the target this rod can be read 
to thousandths of a foot approximately. The 
target is used when greater accuracy is re- 
quired and when the rod is so far from the 
instrument that it cannot be distinctly read. 

BThe rod consists of a graduated scale di- 
vided into feet, tenths and hundredths of a 
foot, and when properly made, readings to 
thousandths of a foot can be easily taken. 
Fig. 28. ^^^ numbers making the tenths should be 

0.00 foot long and so placed that one-half the 
length is above and one-half below the line. The numbers marking 
the feet are 0.10 foot long and each is bisected by the foot mark. 
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This class of rod is painted white, the foot graduations are red and 
the tenths and hundredths are black horizontal lines. 

No attempt will be made to describe the reading of the vernier 
of either the New York or Boston rod, 
but the Philadelphia rod is so divided as 
to make its reading easily understood. 
With this rod each side of the black 
horizontal line indicates lOOths, that is, 
the lower side of the first black space 
is called "one," and the upper side of 
the same space is called "two," the 
lower side of the third space is called 
"three** and so on until the tenth is 
read. 

The reading is taken without the aid 
of the target, in feet, tenths and hun- 
dredths as tlie case may be. The mov- 
able target has a vernier which reads 
to thousandths of a foot and is read 
from zero to ten. To read this rod, 
move the target to any convenient place 
on the scale of the rod and note where 
the vernier at zero coincides with a black 

horizontal line ; then note where a line . . 

of the vernier coincides with a line of | jWH^TE 

the scale. For example, if the zero of 
the vernier is just above one foot, four- 
tenths and five hundredths, as shown 
in Fig. 2i>, and a line of the graduation Fig. 29. 

of the vernier coincides at 7 with a hori- 
zontal black line on the rod, the reading will be 1.457 as is shown 
in Fig. 29. If reading to the nearest 100th, the reading will be 
1.4G. This is because the 7 naturally brings the zero .002 above 
the line of graduation on the rod, therefore, the zero of the vernier 
is .002 nearer the 6 than the 5, hence, the reading is as above. 
Should the vernier read .002 instead of .007 the reading would be 
1.45. It is apparent that .002 now brings the zero of the vernier 
below the line, hence it will be nearer to the 5 than the 6, thus the 




PLANE SURVEYING 



35 



rod reading is 1.45. Therefore, in all readings with the Phila- 
delphia rod, read the thousandths to the nearest half hundredth. 
This is true whether or not tlie lines coincide. 

Tlieee readiiifjs a])ply only to the face of the rod or to 0^ f(«t. 
When the rod is extended to 12 feet, or any fractional jiart thereof, 
the reading is a little different, both as to its graduation and 
vernier. The scale, of course, is the same on the face of the rod 
when extended, except as to the vernier, which ie placed on the 
back at OJ fi^et and the scale 
of graduation on the ex. 
tended part of the rod is also 
on the back of the extension 
which runs through the ver- 
nier, as shown in Fig. HO. 
The scale of hundredths is the 
only part to be particularly , 
observed, together with the 
vernier in the former. 

For examjile, the lirst 
horizontal black space e'juals 
"one," wliidi is the top line 
of the foot mark. The lower 
side of the first black space is 
"two," and the upjier side of 
the same syia.ce is "three" hundredths, and so on until the tenth 
is reached. The tenth and feet are placed the same aa on the fiico 
of the rod. The vernier, aa already stateil, is a little different in 
point of reading and ia graduated from ten to zero, instead of zero 
to ten, aa on the movable target. However, with some recently- 
made rods of this type, the scale and vernier reading is the same 
throughout. See Fig. 31. Tlie graduation at ten ia taken as the 
zero in determining thousandths. The vernier in question isflrmlv 
attached to the upper end of the rod 0^ feet, (and the extension of 
the rod runs through this vernier). The differences in graduation 
of the two sides should he carefully noted. The hkI has two 
chmip screws, one attached to the movable target and the other 
near the vernier on the back of the rod. In running the rod, it 
is customary, where a target or rod reading exceeding (ij feet is 
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desired, to set the target at Gi feet and run the rod to its full length, 
then move down as signalled; where no target reading is required, 
run the rod to its full extent (12 feet) and as the face of the rod has 
a scale throughout, this reading can be takeu from the instrument. 

Should the instrument not be near 
enough to enable the leveler to see 
the rod distinctly without the aid of 
the target, he sliould first read the 
rod through the telescope of the in- 
strument and then notify the rod- 
man at what distance the intersection 
of the cross-hairs in the instrument 
approximately bisects the rod, such 
as 3.21, which means three feet, two 
tenths and one hundredth. The rod- 
man then sefs his rod to read this 
distance and another sight is taken, 
being careful to have the rod plumb. 
Should the intersection of the targe't 
fail to coincide with the cross-hairs 
in the instrument, the leveler then 
signals, or calls out if sufficiently near 
to do 80, the true rod reading, as up 
a tenth, down twohundredths, as the 

case may be, and the target is placed at this distance. When pre- 
cision is required, this method is relied upon only for the approx- 
imate placing of the target; the method used in this case is to 
slowly move the target by standing behind the rod and holding 
it between the thumb and finders of one hand, wliile the target is 
moved with the other. Tlien the target is slowly moved by the 
signals of the observer. 

'When a slow motion with the hand above the shoulder or 
below the hip is made by the observer, it means that the rod 
is to be moved in that direction a fractional part, as one tenth. 
but when a quick motion is made and the hand drawn back in 
the same manner it implies that the target is to be moved just a 
trifle. In this way and by proper attention to the signals of the 
observer, the rodmaa can become an efficient and helpful assistant. 
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iherehy saving nnu-li time, "Wlifii the target is finally set, tlio 
rodtnsQ reads the red and calls ont the reading to the obBprver, 
when within reasonable distance. Tlie target roda are read en- 
tirely by the rodman, and the reatlings are kept by him in a note 
book for that purpose; these notes should \k given to the observer 






FiR. ai. 
at every opportunity and reaiilts checked. To obtain correct re- 
sulta when leveling, it is absolutely essential that the rod lie ver- 
tical and the rodman should remember tu hold the rod in tliJs 
position. 
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The observer or leveler, by means of the vertical wire upon 
the target of an ordinary leveling rod, can tell whether or not a 
rod is vertical and in a position at right angles to the line of sight, 
but he is not able to determine whether the top of the rod is in- 
clined towards the instrument or in the opposite direction; because 
when looking through the telescope of a level he can see only a 
fractional part of the rod. Tlierefore the necessity of overcomino- 
this difficulty led to the invention of the bent target which obviates 
this latter trouble as can readily be seen from Fis. 32. The 
American target fulfills the same requirements, but differs from the 
ordinary target in having two discs, one behind the other, as in 
Fig. 33. Tlie principle of construction of this target is ex- 
tremely simple, and may be best explained in the figures above 
Suppose a target of the old kind, which in its front view looks 
exactly like the front view of the new target in A, to be cut 
along the vertical lines «</, 55, thus dividing it into three parts; 
that is,. one center-piece and two wings. Suppose furthermore, 
the centerpiece to remain in its former place at the front of the 
rod, while the two wings are removed to the rear of the rod. Tlien 
the result evidently will be that the horizontal line cr^ dd^ will 
appear as one unbroken line to the observer, only when the rod is 
held perfectly vwtical. No deviation either towards the instru- 
ment, or away from it will cause the two j)art8 cc and dd of the 
horizontal line situated at the rear of the rod in the winfjs of the 
target to show either above or below that part cd of the horizontal 
line which is situated in the front of the rod in the centerpiece of 
the target. 

Whether using the bent target, the ordinary target or no 
target at all, it is apparent that the rodman should hold the rod in 
a vertical position, known aa plumb. This can be done by stand- 
ing directly behind the rod with both feet together or apart, as the 
rays of the sun may recjuire, governing shadows, and holding the 
rod between the thumb and fincjer of one hand while movintr the 
tartret with the other. After the tarcjet is set, both hands are 
brought in line with the shoulders, and standing erect, the hand 
should touch the rod very lightly, bo that it will almost stand in a 
vertical position by itself; or when standing in that position if the 
center of the rod or the corner is made to coincide jK^rpendicularly 
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with the nose and chin, it will be pliiml). Tlie rodman should 
never put his hands around the rod. 

Another way is to sight along the line of some building 
apparently in line. There are, of course, many different methods 
of signalling, but the ones mentioned are frequently used. 

AVhen the rod is to be read without the aid of a tarcfet or with 
the ordinary target, it frequently happens that the rod is not ver- 
tical and the signal used for bringing it in its proper vertical 
plane is the raising of either the right or left hand in a vertical 
position, which indicates that the rod should be inclined in that 
direction. In so doing move the rod slowly until the hand is low- 
ered. After the target has been set in its proper position, clamp it 
by the screw on its side, then give another sight and note the sig- 
nals of the observer. 

If the target is to be moved, the observer should hold the palm 
of one hand in the direction the target is to be moved. The observer 
should use but one hand in signalling the rod; if tlie target is to 
be lowered, he should hold his hand below his hip, ])alm down. 
To raise the target he should hold his hands above his shoulder, 
j)alm up. Any considerable change in the position of the target 
is denoted by a more or less violent motion of the liand. If a very 
sliilht chancre is desired, the observer should hold his hand in the 
pro])er position without moving it up or down. When the proper 
position of the target has been obtained, the observer indicates the 
fact by raising both arms above the head and moving them in the 
arc of a circle to indicate that the rod reading at that particular 
place is complete. 

New York Rod. This rod resembles the Philadelphia rod as 
to its use and dimensions, but differs as to scale and vernier read- 
ing. Tlie scale is divided into feet, tenths and hundredths, the 
same as the Philadelphia rod, except tlie graduations of the hun- 
dredths, which instead of having the sides of one black space each 
ecpivalenttoO.Ol foot, as on the Philadelphia rod, the hundredths 
are distinct by themselves, therefore, each line between the tenth 

is .01 ])art of the scale. Fig. 84 shows the rod at its full length, 
and Fig. 35 shows a sectional ])art thereof with its movable target 
set at Gi feet and the black horizontal lines efich indicate .01 as 
more fully explained hereafter. Fig. 8() shows the side with its 
graduations, as on the face of the rod and is set at GJ- feet. 
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The rod has a movable target which carries a vernier, and 
allows rt^adings to thousandths. It cannot, however, be read witli- 
ont the aid of the target and is used for the most part, 
where ])recision is required; it probably commends its- 
self to a greater number of engineers, because of its 
stiffness and wearing qualities. For elevations up to 
G-J feet, the target is used in the same manner as the 
former rod by sliding it up or down upon the rod. 
Above Oi feet, as with all the rods, the target is clamped 
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Fig. 34. Fig. .T). Fig. 36. 

at the fU-foot division. The back of the rod slides upon the front 
half and when so extended the vernier is on each of the narrow 
sides, impressed in the wood (See Fig. 30). It should be noted 
that while the vernieK on the rhiladel])hia rod is situated on the 
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back when extended, with the New York rod it is on its narrow 
sides. The vernier in question is somewhat different from the 
one found on the Philadelphia rod, since it is provided with a 
direct vernier, while the other is provided with an indirect vernier. 
The former, as has been explained, is usually placed below the 
center of the target, that is, the zero is placed below the in- 
tersection of the horizontal and vertical lines of the target. 
In almost every case this causes confusion because the rodman 
has been taught, by reason of using a Philadelphia target rod, 
to read the scale at the zero of the vernier to tho xractional 
parts of a foot by looking along the vernier for the coincid- 
ing lines. Tliere need be very little confusion in reading the New 
York rod, if it is remembered that the center of the target is set 
by the leveler and not the zero of the vernier as on the Philadel- 
phia rod. Careful observation of the vernier will show that the 
zero of the vernier is placed at the intersection of the horizontal 
and vertical lines of the target. The method of using the clamps, 
setting the target, etc., is the same as that of the Philadelphia rod. 
The Boston Rod is made of mahogany, is of the same length 
and slides out as the rods just described. It is distinctly a target 
rod and cannot be read without its aid. The scale and vernier, how- 
ever, are on the narrow sides and can be read to thousandths or 
any fractional part of a foot. The target is fixed upon one-half of 
the rod for elevations less than Oi feet. The target end is held upon 
the ground and the front of the rod slides upon the back, as shown 
in Fig. 87. Above fii feet the rod is inverted as shown in Fig. 
38, and is then used in much the same way as the New York rod. 
The figures above referred to show the sides of the rod with its scale 
upon it. The screws at each end act as clamps. In the old style of 
Boston rod a wooden target was screwed to the rod with the result 
that the target would warp and twist or be knocked oflF, thus render- 
ing the rod useless. The best type of Boston rod is fitted with a 
bent metal target. This form is very serviceable and satisfactory. 
It will be apparent from the foregoing description that the rod is 
read altogether by vernier, the scales and vernier being on tlie 
side. It is the lightest and neatest rod of the three but the least 
used. 

Cross-Section Rod. This is a rod 10 feet in length, painted 
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white, with black graduations; it is divided into feet, tenths and 
hundredths, (See Fig. 39). The scale is on both sides. At each 
end is a spirit level bubble with graduations on the upper side of 
the tube to bring the rod in a horizontal plane. In the center of 
the rod is an opening for the hand, and thereby it can be easily 

taken from place to place. 
The purpose of this rod is to 
simplify the lengthy calculations 
in taking cross sections; this 
will be more fully explained 
under its respective head. 

In Fitr. 39 A and B are the 
bubbles. It is apparent that if 
one end of the rod is placed on 
the side of a hill and the other 
raised in a vertical position until 
the bubble appears in the center 
of the tube, the base of the rod 
will be in a horizontal plane. 

Ranging Poles. Fig. 40 
shows the three forms of rang- 
ing poles (called flags) in com- 
mon use, all of which are from 
() to 10 feet in length, made of 
hardwood, octagonal in shape; 
they are tapered from the top 
down and each foot painted al- 
ternately red and white, and pro- 
Fig. 37. Fig. 38. vided with steel shoes, except 
the smallest one, which consists of an iron tubular rod ^-inches in 
diameter and used for the most part on construction work. These 
flags are for the purpose of establishing points or retaining a given 
line indefinitely; it is an important tool of the surveyor's outfit. 
To use this flag, it is placed approximately at some reasonable 
distance from th0 instrument and then by the signals of the 
observer is moved until the line of sitrht tlirouijh the instrument 
bisects it. It should be held in a vertical position and governed 
by the same methods used in placing a leveling rod in a vertical 
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position. It is also a convenient device for measuring, approx- 
imately, distances not excetnling six feet, but where any great 
amount of accuracy is desired, the method should not be relied 
upon. It is an advantage, however, to use the flag as a check, 
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Fig. 39. 
when it may ap{)ear that some discrepancy has occurred. 

INSTRUMENTS. 

The Wye Level. There are three kinds of leveling instru- 
ments in common use, viz: The Wye level with four leveling 

screws, the Wye level with three leveling screws and 
the Dumpy level. The Wye level derives its name 
from the vertical forked arms, called Wyes, in which 
the telescope rests. It is clamped to them by collars 
which may be raised allowing the telescope to be 
turned on its horizontal axis or lifted out entirely. 
It is also referred to as the four-screw level. Like 
other levels it is used for the purpose of ascertaining 
a horizontal line of sight parallel to a spirit level 
and perpendicular to the vertical axis. The line of 
sight is fixed in the telescope by the intersection of 
cross-hairs. A spirit level is attached to the under 
side of the telescope* and is protected except on top 
by a metal tube. In the barrel of the telescope slide 
tv/o tul)e3, in one of which is an eye-piece; in the 
other is the objective. 

The eye-piece usually found with the four-screw 
leveling instrument is of the erecting type. The in- 
verting eye-piece as distinguished from the erecting 
eye-piece has two lenses instead of four. Tlie result 
is that the inverting eye-piece permits more light to 
reach the eye of the observer, and is therefore better 
adapted to precise leveling. At first some inconven- 
ience is exj)erienced by the fact that all objects are 
upside down, but a little experience will soon con- 
vince the observer that all the advantages whether for a four- 
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screw iiistruiiient or a tliree-screw instrument, lie with the 
invertini^ eye-piwe, Ntaily all iiiakersgiveapurcliaBer hiacholce 
of the Btyle of eje-piece without extra charge. lu purchasing an 
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Fig. 41. Duupv LEVEL. 
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An iiiexjierieiiced observer u|X)n looking tliroiifjh the level 
and finding no cross-haira ntay Bus[>ect that the crus9-hairs are 
broken. It nmat not be forgotten that the eye- 
piece ninst be focuaed before the cross-haira will 
come into the range of vision. Having once 
focnsed the eje-piece upon the cfosB-hairs, the 
adjustment will stand for a long time if the eje- 
piece ia uitdisturbed. 

The object glasa is moved in and out by means 
of a pinion which works on a rack attached to a 
sliding tube and moves in the axis of the barrel, 
passing throngh the run which is inclined in 
H^Cfi t)ie barrel. The instrument is provided with s 
|p— [ clamp, slow motion and leveling screws and 
'-''^ £ mounted on a tripod. The two former screws 
t^ are situated directly under the horizontal bar 
> and revolve with the telescope. 
■* The Line of Collimatlon of a level is the line 
z, joining the optical center of the object-glass 
^ and the intersection of the cross-hairs, and since 
b" this line determines the point towards which the 
g telescope is directed, it should coincide with the 
to optical axis of the telescope. The eye-piece 
54 and object-glass must be accurately centered. 
^ Instrumental Parallax is an inijnrtant con* 
£ dition of focusing due to the fact that the image 
docs not fall in tiie plane of the cross-hairs. 
' To determine this, direct the telescope upon an 
object and focus the eye-piece so that the cross- 
hairs are perfectly distinct. Then turn the tele- 
scope upon the object which is to be observed, 
and focus the object glasa until the image is 
clearly defined. Move the eye from side to side 
and note whether there is any apparent move- 
ment of the crosshairs and image. If any is 
seen, the two oj)erations are to be re[)eated until 
all jjarallax is removed, 
Tliis adjustment depends uptm the eye of the observer and 
when made for one person may not he correct for another. 



PLANE SURVEYING 47 

Spherical Aberration. This defect is caused by combining 
lenses of different curvatures so that objects on the side of a 
iield of view are seen less distinctly than those in the center. To 
test the object glass for this defect cover the outer edge with an 
annular ring of paper and focus upon some desired object. Then 
remove the ring and cover the central spot of the glajss; if no 
change of focus is needed the glass has no spherical aberration. 

To test the eye-piece, sight to a heavy black line drawn on 
white paper and held near the side of the field of view. If it ap- 
pears perfectly straight the eye-glass is a good one. 

Chromatic Aberration is a defect caused by combining 
lenses of different and improper varieties of glass so that the yel- 
low or purple colors appear on the edge of the field. To test the 
telescope for this defect focus it upon a bright distant spot and 
slowly move the object glass out and in. If no colors are observ- 
ed around the edge of the field of view the telescope is free from 
this defect. 

Adjustments. The adjustments of the Wye-level are three 
in number and should be made in the following order: 

1. To make the line of collimation parallel to the bottoms 
of the collars. 

2. To make the axis of the bubble tube parallel to the line 
of collimation. 

3. To make the axis of the bubble tube perpendicular to the 
vertical axis of the instrument. 

To make the test for the first adjustment set up the instru- 
ment firmly upon solid ground, shaded from sun and wind. Di- 
rect the telescope towards the side of a building, a fence or other 
convenient object and carefully center the intersection of the 
cross-hairs upon a well-defined point, such as the head of a tack. 
Clamp the vertical axis and loosen the telescope clips. Now 
slowly revolve the telescope in the wyes' and note if the intersec- 
tion of the cross-hairs continues to cover the point. If so, the 
line of collimation is in adjustment. 

If the intersection of the cross-hairs moves off the point, re- 
volve the telescope in the wyes as nearly as possible through 180 
degrees and carefully center a point at the intersection of the 
cross-hairs in this last position. Bisect the distance between the 
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two points and establish a third point: by means of the screws at- 
tached to the cross-hair diaphragm, move the diaphragm so that the 
intersection of the cross-hairs covers the third point. Now re- 
peat the test and correct the position of the cross-hair diaphragn;^ 
until the intersection of the cross-hairs covers one point as the 
telescope is revolved in the wyes. 

The horizontal cross-hair should at all points be at the same 
distance from the bottoms of the collars. To test this, carefuUv 
center one extremity of the hair upon a point, and by means of 
the tangent screw, slowly revolve the telescope upon the vertical 
axis, and if the hair covers the point from end to end, the adjust- 
ment is complete. If it does not, the hair is to be adjusted by 
the same screws as before. Making this adjustment wmII probably 
disturb the former one, and the two are to be repeated in succes- 
sion until satisfactory. 

It will be noticed that to make this adjustment, it is not nec- 
essary to level the instrument. 

Adjustment of the Axis of the Bubble-tube. To test this 
adjustment, first throw back the clips holding the telescope in the 
wyes, and then revolve the telescope upon the vertical axis 
to bring it directly over a pair [of leveling screws and clamp the 
axis firmly. By means of these leveling screws bring the bubble 
to the center of the tube as accurately as possible. Now without 
disturbing the instrument, carefully lift the telescojx) out of the 
wyes and turn it end for end, being careful when replaced in the 
wyes that the telescope comes to its seat at each end. If the bub- 
ble in this new position of the telescope comes to rest at the cen- 
ter of the tube, the axis of the tube is in adjustment. 

If the bubble does not return to the center, bring it one-half 
way back to the center by means of the vertical screws at one end 
of the bubble-tube, and the remainder of the way by the two lev- 
eling screws. Now repeat the test and correction as often as nec- 
essary until the bubble remains in the center of the tube. 

Having adjusted the bubble-tube over one pair of screws, 
test it over lie other pair. 

When the horizontal hair is truly horizontal, the line of colli- 
niation and the axis of the bubble-tube should be in the same 
vertical plane. To test this, after the previous adjustment has 
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been completed, loosen the clips of the wyes and bring the bubble 
carefully to the center of the tube. Now slowly revolve the tele- 
scope in the wyes and note if the bubble still remains in the cen- 
ter of the tube. If it does, the line of coUimation and the axis of 
the tube are in the same plane. If the bubble runs to one end of 
the tube, bring it back by the horizontal screws attached to one 
end of the tube. 

It must be borne in mind that the first and second adjust- 
ments must be carefully made and that they are absolutely essen- 
tial if satisfactory results are to be attained with the instrument. 

Adjustment of the Vertical Axis. This adjustment is not 
absolutely essential, provided that every time a readincj is taken 
the bubble is brought to the center of the tube by means of the 
parallel plate screws. However, the adjustment will expedite 
field work and should always be made. 

To test, level the instrument carefully over both pairs of 
screws; if the bubble remains in the center of the tube as the tele- 
scope is revolved on the vertical axis all the way round, the ad- 
justment is complete. If the bubble runs to one end as the tele- 
scope is thus revolved, the vertical axis is out of adjustment anc( 
may be connected as follows. Bring the telescope directly over a 
pair of opposite plate screws, and by means of these screws bring 
the bubble accurately to the center of the tube. Now revolve the 
telescope on the vertical axis as nearly as possible through 180 
degrees and note the displacement of the bubble: bring the bub- 
ble one-half of the way back to the center by the screws, at one 
end of the bubble-bar attached to the wyes, and the remainder of 
the distance by the parallel plate screws. Repeat the test and 
adjustment until the bubble remains in the center of the tube in 
all positions of the telescojH*. 

Replacing tlie Cross-liairs. The cross-hairs in leveling in- 
struments may be either spider webs or platinum wire. Spider 
webs are better, but in selecting them care should be taken to see 
that they are free from dust and dampness. Probably the web of 
the little black spider is the most satisfactory, but the web of the 
common spider will give good results, esj)ecially if freshly 
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spun. Spider webs can best be carried by winding them 
around a stick. 

The cross-hairs are attached to the small diaphragm set at 
the principal focus of the object-glass. To replace the cross-hairs, 
carefully remove the diaphragm from the telescope tube and lay 
it upon a white surface with the cross-hair side upwards. It will 
be noticed that there are incisions upon the face of the diaphragm 
intended to indicate the position of the cross-hairs. Fasten one 
end of the spider web to the diaphragm by means of beeswax or 
paraffine, carefully suspending the other end of the web over the 
opposite incision upon the diaphragm; after the web has been 
properly stretched by fastening it to a match, fasten the web 
down as before. Repeat the operation with the other cross-hair, 
then replace the diaphragm in the instrument, care being taken 
not to break the hairs. The first adjustment may then be made. 

The Dumpy-level. This instrument (see Fig. 41) differs 
from the Wye-level in the following points: the uprights which 
carry the telescope are firmly attached to the bar, and the line- 
tube is mounted on top of the bar. The telescope is attached 
firmly to the uprights so that the whole structure is rigid. At- 
tached to one of the uprights is a projecting piece with which one 
end of the level is connected in such a way as to permit of a 
slight horizontal movement. The other end of the level-tube is 
fixed with two capstan -headed nuts to permit of vertical adjust- 
ment. 

A clamp and slow- motion screw should be attached to the 
center. This, while not an absolute necessity, will, when clamped, 
prevent unnecessary wear on the center when the instrument is 
carried upon the shoulder. The telescope may be either erecting 
or inverting, but the latter is to be preferred. 

The dumpy-level, though not as convenient in its adjust- 
ments as the Wye-level, will, nevertheless, when properly adjust- 
ed, give equally good results; while on account of its simplicity and 
compactness, it is not so liable to have its adjustments disturbed. 

Adjustments. The adjustments of the dumpy-level are two 
in number and should be made in the following order: 

1. To make the axis of the bubble-tube perpendicular to the 
vertical axis of the instrument. 
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2. To make the line of collimation perpendicular to the 
vertical axis of the instrument. 

To make the first adjustment, set up the instrument firmly 
in a position shaded from sun and wind. Turn the telescope over 
a pair of op{)Osite. plate screws, and by means of these screws 
bring the bubble accurately to the center of the tube. Kepeat the 
operation over the other pair of screws, and so on alternately over 
each pair of screws, until the bubble remains as nearly as possible 
in the center of the tube for both positions of the telescope, care 
being taken not to swing the telescope through more than 90 de- 
grees. 

Now turn the telescope accurately over a pair of opposite 
plate screws and after leveling carefully, swing the telescope 
through 180 degrees directly over the same pair of screws. If the 
bubble remains in the center of the tube, the adjustment is com- 




Fig. 43. 

plete. If the bubble does not remain in the center of the tube, 
bring it one-half way back to the center by means of the vertical 
capstan -headed screws at one end of the tube, and the remainder 
of the distance by the leveling screws. Now repeat the test and 
adjustment until the bubble remains in the center of the tube 
through all positions of the telescope. 

The second adjustment of the dumpy-level must be made by 
the '*Peg Method". Select a piece of ground as nearly level as 
possible and lay out a straight line upon it, from 400 to 600 feet 
in length, driving a stake at each end and at the center. Set up 
the level over the center stake and after leveling carefully direct 
the telescope to the rod held upon N (see Fig. 48), and take the 
reading by the target. Now direct the telescope to the rod held 
at M and take the readingp. The difference of these two rod read- 
ings at N and il will join the two differences of elevations, no 
matter how much the line of collimation is out of adjustment. 
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Now set up the instrument within about twenty feet of the 
stakes, as N, and take the rod reading; carry the rod to M and 
take the readingr. If the difference of these last two readincjs is 
the same as before, the line of colli raati on is in adjustment; if not, 
correct nearly the whole error by means of the upper and lower 
capstan -headed screws attached to the diaphragm carrying the 
cross-hairs. Repeat the test and correction several times until the 
difference of elevation from both positions of the instrument agree. 

It may be well to note right here that the second adjustment 
of the Wye-level may be made by the " Peg Method," but it is 
thought that the method given is the more convenient. 

The Precise Spirit Level. The description of this instrument 
which is shown in Fig. 44 is taken from the catalogue of the 
makers, F. E. Brandis, Sons, & Co. 

The principle underlying the construction of the instrument 
is that' the telescope can be moved in a vertical plane about a hor- 
izontal axis by means of a micrometer screw. This construction is 
especially adapted to the object in view, viz: of multiplying the 
pointings on a mark either in the horizon of the instrument or at 
an angle above or below. 

The superstructure consists of two uprights joined somewhat 
below their middle by a horizontal plate. The upper portions of 
•the uprights are fashioned into Y's, and carry the telescope and the 
striding level; the lower portions are cut out so as to leave guide 
j)ieces passing outside the lower plate. A capstan -headed pivot 
screw passes through each guide piece at one end into small sock- 
ets in the fixed plate. Passing through the fixed plate, the mi- 
crometer screw moves between the guide pieces at the other end 
and abuts against a small steel surface. Tha fixed plate carries an 
index, and one of the guide pieces a corresponding scale to register 
the whole terms of the micrometer, and also a pointer for reading 
the subdivisions of the micrometer head of which there are 100. 

The Gurley Binocular. The binocular hand level, as the 
word implies, is a hand level with a double telescope attached. It 
\s similar to the monocular hand level in many respects, except it 
IS provided with screw centering and focusing adjustment and 
can be adjusted to the different widths of the eye, avoiding all 
strain to the ocular muscles. 
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Adjustment, Follow the prineiples as laid down coricerning 
the Locke hand level. 

The Ourley Monocular Hand Level. This instruitieat ia a 
telescope hand level, by wliich readings are more definitely deter- 
mined on a rod at aome distance than is possible witb the ordinary 
hand level. 




Adjustment. Follow tbe principles as laid down relative to 
tliB IxK-ko hand level. 

■' Setting up " the Instrument. TLo term ''setting up the 
level " means to place it in position to aeeure horizontal sights. To 
do this, plant tlio legs firmly in thy grttnnd at approximately 
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6(|nal distances apart bo as to make tbe leveling plate horizontal. 
Bring the telesco[>e directly over and in line with the two leveliug 
screws iHi-tweeii the plates and opposite each other. As you stand 
facing the instrument tnrn tbe thumb of the left hand in the di- 
rection of tbe motion of the bubble and torn both thumb screws 
towards or away from each other, being careful not to strain the 
level plates by having the leveling screws too tight. These screws 
. should bear firmly upon the plates and sliould move 
with ease ana smoothness, but there should lie no movement 





FiR. il. 

of the vertical axis of tiie instrument. Turn the screws 
until the bubble appears along the graduations of the .bub- 
ble tube and bring it to the middle, then turn the telescojK^ at 
right angles to these two screws and over the other two. In like 
manner perforin the same operation as befote. This will canse the 
bubble to run away from its former [wsition; bring the bul)ble ac- 
ciiratelv 'u the center of the IuIm) over these screws, that is, hav- 
ing equal 82)aees on each side of the zero of the scale, then turn 
the telescope over the former screws and bring the bubble in the 
center. Do this several times until the bubble remains stationary 
at any angle the telescojie may turn; to test this, turn tbe telescope 
half way around and see if the bubble moves; should it remain 
stationary, the instrument is level. The level is, with few excep- 
tions, never jdaced in line (except when being iidjusted under the 
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peg method). It is usually placed in some convenient spot where 
the greatest number of horizontal. sights can be secured. As al- 
ready stated, the tripod legs must be so placed as to make the 
plates horizontal. This will save time in bringing the bubble in 
its proper position. Should it be required to set up the instru- 
ment on the side of a hill, place one leg at an altitude and the other 
two in apparent line with each other ( see Figs. 45 and 46 ), 
but where the tripod is adjustable the proper method is apparent. 

After the instrument is set up and leveled, focus the eye- 
piece upon the wires and focus the object-glass on the rod by 
means of the screw placed for that purpose on the top or side of 
the telescope Care should be taken not to take a reading until 
the bubble has been carefully observed and brought in the exact 
center of the bubble tube. When this is completed, sight through 
the telescope and note the rod reading or set the target rod; again 
look at the bubble and see if it has moved away from its former 
position; if not, again sight on the rod and see if the first observa- 
tion was correct. Should the intersection of the cross-hairs fail 
to coincide with the horizontal and vertical lines of the target or 
the center of the rod, the rodman is to incline the rod by the sig- 
nals of the observer, until it coincides or is in line of coUimation. 
Care of the Instrument. This duty properly belongs to the 
instrument man or leveler, and the requirements should be thor- 
oughly understood. While in the field, the instrument remains 
on the tripod and is carried from place to place as the work re- 
quires, but when taken any distance, such as on railway trains, 
street cars, etc., it should be carefully placed in the box and car- 
ried by one who is capable of giving it proper care and attention. 

The instrument man being responsible for the instrument, it 
is natural, and perhaps best, that he should always carry the in- 
strument. In fact, the greatest amount of precaution should l)e 
exercised in the care of the instrument, both in the field and while 
conveying it. 

Instruments in general, the level in particular, should never 
be unduly exposed to the rays of the sun, as this will have a tend- 
ency to throw its various sensitive parts out of adjustment, there- 
fore, whenever possible, place the instrument, whether it is on the 
tri|H)d or not, in the shade. 
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The leveler should always exercise great care not to disturb 
the instrument after it is set up and should avoid, as much as 
possible, walking around 'it unreasonably, especially if the ground 
is soft, ar the position of the instrument not very firm. This ap- 
plies to all persons whether in the active performance of duty or 
not. It is frequently necessary to set up the instrument in places 
such as loose timber, rocks, etc., thus the importance of this care is 
apparent. If disturbed to any great extent it will be necessary to 
relevel it, and if the position of the legs of the tripod is disturbed, 
the entire work must be done over, because the height of the instru- 
ment will not be the same as in its former position. Should the in- 
strument be disturbed after a turning point has been establi&hed 
and its elevation ascertained, it will only be necessary to take a 
reading on the last turning point to determine the new height of 
the instrument. After leveling, the instrument man should keep 
his hands off the instrument except for the purpose of leveling and 
adjusting the telescope. He should not make a practice of leaning 
his weight on the tripod. It is often necessary to send instruments 
great distances, and in so doing, in no case should it be sent by 
express or freight without first being properly packed and secured 
against breakage; because of its fine construction and sensitive- 
ness it may get out of adjustment to such an extent as to render 
it impossible to readjust it for good work by any method known 
to the engineer, and may become worthless and beyond repair even 
to an ijistrument- maker. 

The student should appreciate that the care of the instrument 
is just as important to good work as its original excellence. 

Leveling. To determine the difference in elevation between 
two points, both of which are visible from a single position of the 
instrument, set up the instrument in such a position that the rod 
held upon either point will be visible. Now send the rod to one 
of the points as at A in Fig. 4*8; direct the telescope upon it and 
take the rod reading; now direct the telescope to the rod held at 
B and again note the reading. Evidently the difference of the rod 
will give the difference in elevation of the two points. 

If the points are too far apart or if the difference of elevation 
is too great to be determined from one setting of the instrument, 
intermediate points must be taken. For instance, suppose it is 
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desired to find the difference of elevation of A and C in Fig 47, 
C being too far below A to permit of being read upon both points 
from a single position of the instrument. Set up the instrument 
(not necessarily on line from A to-C) in some position such that 
the line of sight will strike the rod as near its foot as it is pos- 
sible to take a reading: send the rod to some point B such that 
the line of sight will strike the rod near the top when extended. 
The difference of these rod readings will give, the difference of 
level of A and B. Now carry the instrument to some point such 
that rod readings can be taken upon B and C. The difference of 
the rod readings upon B and C added to the difference of rod read- 




Pig. 47. 

ings upon A and B will give the difference of level of A and C, 
proper attention being given to signs. 

If the line of levels is very extended the above method is 
awkward, as some of the differences will be positive and 
some negative. Choose some plane called a datum plane, such 
that all of the points in the line of levels will lie above it. 

Beginning at the point A, assume the elevation of the point 
above the datum plane. Read the rod held upon A, and the read- 
ing added to the assumed elevation will give the height of the 
cross-hairs above the datum plane, called the "height of instru- 
ment" (II.I.). Now, turn the instrument upon the point B and 
read the rod and it is evident that this last rod readincr subtracted 
from the height of instrument will give the elevation of B above 
the datum plane. Next move the instrument beyond B, or at 
least where it can command a view of B and C and again sight to 
the rod held upon B. This last rod reading added to the elevation 
of B will give the new height of instrument from which if the rod 
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reading at C is subtracted will give tlie elevation of C above the 
datum plane. Fig. 48 will make the method of procedure apparent. 
Referring now to that figure, the first rod reading taken upon 
the point A is ordinarily called a '^back-sight" and the first read- 
ing taken upon B is called a "fore-sight". There seems to be no 
good reason for adhering to this method of distinguishing between 
the rod readings and it is illogical and misleading. A back sight 
is not necessarily taken behind the instrument, that is, in a direc- 
tion contrary to the progress of the survey, neither is a fore-sight 
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Fig. 48. 



necessarily taken in front of the instrument. It is more logical 
and less misleading to designate these rod readings by the terms 
"plus-sight" and '^minus-sight". 

A plus-sight, therefore, is one taken upon a point of known 
or assumed elevation, to determine the height of instrument. 

A minus-sight is one taken upon a point of unknown elevation 
and which, subtracted from the height of instrument, will give the 
required elevation. 

A "bench-mark" (B.M.) is some object of a permanent 
character, the elevation of which, together with its location, is 
accurately determined for future reference and for checking the 
levels. 

A '"peg", "plug", or turning point" (T.P.), is a point used 
for the pur|K)se of changing the position of the instrument. This 
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turning point may be taken upon a bench-mark, but is oftener 
taken upon the top of a spike or stake driven into the ground. 

If a self-reading rod is used, the instrument man will carry 
the notebook and record the rod readings as they are observed. 
The leveler should cultivate the practice of calculating the ele- 
vations of his stations as the work progresses, thereby enabling him 
to discern errors when they occur. 

If a target rod is used upon the work, the rodman should also 
carry a notebook in which he should at least enter all readings 
upon turning points and bench-marks and check up with the in- 
strument man at every opportunity. Under the circumstances, 
the instrument man is more or less dependent upon his rodman 
for the correct reading of the rod and when an inexperienced rod- 
mau must be employed, the self -reading rod will give the better 
results. 

The limit of range of an ordinary leveling instrument is about 
400 feet, and sights should not be taken at a greater distance. 

The method of keeping the field notes for the work above out- 
lined is given below. A level notebook especially adapted to 
the purpose should be procured, the notes entered on the left-hand 
pages, the right-hand pages being reserved for remarks, sketches, 
etc. 

Sta. + S II. I. — S Elev. 

A 0.050 1000.050 1000.00 © N. E. cor. 

13 1.250 U93.140 8.700 91)1.890 of abutment 

C 2.380 987.670 7.850 985.290 Main street 

D 9.570 978.100 bridge. 

It will be noticed that the algebraic sum of the plus and 
minus readings equals the difference of elevation of the first and 
last stations, and these quantities should be checked as often as 
possible to discover errors in addition or subtraction. 

Profile Leveling. The method of profile leveling is the same 
in principle as above outlined, but the details of field work are a- 
little different. 

In this sort of work it is intended to determine a vertical 
section of the ground above a datum plane. To this end, rod read- 
ings are taken sufficiently close together that when the elevations 
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are plotted and the points connected, the resulting irregular line 
will closely approximate the actual line of the surface. 

Profile levels are usually run in connection with a transit or 
chain survey of the line, the positions of the points being first 
established upon railroad surveys. These points are usually 100 
feet apart unless the ground is very irregular, when they may be 
50 or 25 feet apart or even less, the points being indicated by 
stakes. Upon sewer or street work they should seldom be more 
than 50 feet apart and the readings should be taken with the rod 
held upon the ground. 

Fig. 49 will illustrate the difference between profile leveling 
and the first system outlined, sometimes called differential leveling 
or '*peg" leveling. Referring now to that figure A Bis the datum 




Fig. 49. 

plane and the full lines at C,D, and E represent positions of the 
rod for turning points. Assuming the elevation of the point C, 
the rod is held upon it and the reading added to the elevation for 
the height of instrument. The rod is then carried successively to 
the points a, J, c\ d^ and each reading is in turn subtracted from 
the height of instrument at C, to get the elevations of these points. 

The rod is then held upon the point D, the instrument moved 
and the plus-sight upon D added to the elevation for the new 
height of instrument. The rod readings upon (\ /* </, A, v, etc., 
are then each subtracted from this new height of instrument for 
elevations. 

This figure illustrates the improj)er use of th»^ terms back- 
sight and fore-sight. The rod readings at 0, ^/, and b are taken 
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beliind the instminent, but the rod reading at is the only 
pluB-sight. 

The method of keeping the field notes is illustrated below. 



Sta. 


+ s 


11. T. 


S 


Elev. 


0. 


3.25 


585.70 




582.45 


+ 50 






3.78 


581.92 


1 






4.18 


581.52 


+ 50 






5.06 


580.64 


T. P. + 62 


2.04 


581.49 


6.85 


578.85 


2 






3.10 


578.39 


+ 50 






3.18 


578.31 


3 






3.90 


577.59 


+ 50 






4.00 


576.89 


4 






5.25 


576.24 



CROSS-SECTIONING . 

One of the most important problems that confronts the 
leveler is the setting of '*Blope stakes," called cross -sectioning, 
from which may be determined the amount of earthwork in cut 
or fill, and which mark the extreme limits of the operations of the 
construction corps in building railways, liighways, sewers, canals, 
irrigation ditches, etc. 

The problem is as follows: Given the required width of 
finished roadbed or channel, with proper side slopes (depending 




A , c . . . 



I 



Fig. 50. 



upon thfe kind of material), it is required to determine where 
these side slopes will intersect the natural surface of the ground 
with reference to the center line of the survey. The center line is 
defined by stake, carefully aligned and leveled, and a profile of it 
is prejyared upon which the grade line is laid down, showing the 
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elevation of the fiuislied roadbed or channel with reference to the 
natural surface of the ground. 

Let us assume the ground to be level transverse to the center 
line. Depth of cut at center = 12 feet; side slopes 1| feet hori- 
zontal to 1 foot vertical; width of cut at bottom == 20 feet. See 
Fig. 50. 

Set up the instrument in some convenient position that will 
command a view of as much ground as possible. Hold the rod 
upon the ground at the center stake and note the reading. Sup- 
pose it to be 3.5 feet. Now if the ground is level, the distance 
from C to B is evidently 10 + (12xli) == 28 feet and the rod 
should again read 3.5 feet when held at B. The point A would 
be found in the same way. 

The notes would be kept as shown below. 



Sta. 


Dis. 


Left 


175 
17G 
170 


50 
50 


-M2.0 

2« 
-t- B.O 

U.5 

+ 2.5 




i;i.75 



Center 



KiVht 



Area ('.Yds. 



+ 12.0 


1 
1 


+ fi.O 
-' 5.0 


+ 7 
9 

1 



+ 12.0 

28~ 



23.80 

+ 8.0 



o»> 



The preceding example illustrates one of the simplest cases 
that occur in practice. Let us now take the case of a line located 
upon the side of a hill. See Fig. 51. 

Depth to grade at center 6 feet; width at bottom 20 feet; 
side slo{x*8 1^ to 1. As before, hold the rod upon the ground at 
C and determine the height of instrument above 0. Suppose this 
to be 5.5 feet. Now, if the ground were level through C it would 
be necessary to measure to the right 10 + (6x lA) = 19 feet to the 
point D and the rod should read 5.5 feet. Listead it reads, say 
2.8 feet. We know therefore that we have not gone out far 
enough by (5.5 — 2.8) li -- 4.05 feet, if the ground were Ifevel 
through the point D, bringing us to the point E where the rod 

should read 2.8 feet. Suppose it reads 2.3 feet. We must then 
go out 0.75 foot farther, each move bringing us closer and closer 
to the point B. This operation may be rej)eated as often as is 
considered necessary, but with a little experience in this sort of 
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work the instrument man can direct the rod closely enough to the 
point B for all practical purposes. We then enter the notes in 
the second line of the record shown above. 

Upon the left of the center, these operations are reversed. 
That is to say, we measure out 19 feet and instead of the rod read- 
ing 5.5 feet, it reads, say, 8.5 feet. We know then that Ave are 
out too far by -4.5 feet. We then -move in toward the center the 



^~r 




K 



Fig. 51. 

re(juired distance and read the rod again, noting how much it dif- 
fers from 8.5 feet, if any, and enter the final results in the'notes. 

A third case is shown in Ficr. 52, in which the transverse 
slope is not uniform. The method of procedure is the same as in 
the other cases, but the rod should be held at the point where the 
slope changes in order to find its height above grade. Enter this 
and the distance out in the third line of the notes. 

The transverse section may be very irregular, in which case 
it may be necessary to take readings at several points in order to 




Fig. 52. 

calculate the area of the sections with more exactness. At times 
a section will be cut partly in rock and partly in earth, forming a 
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compound section. Each material will, of course, have its own 
proper side slope, and the depth and extent of each must be deter- 
mined by soundings. 

In case the section is in fill instead of in cut, the method is 
the same as in the preceding cases, as will be illustrated in the fol- 
lowing examples. Let us first take a section level transversely. 

See Fig. 53. 

in this case the finished grade is to be 9 feet above the point 




Fig. 63. 
C. Hold the rod at C and suppose it reads 3.25 feet. Now since 
the ground is level we go out to the right and left 9 + (9xl^) 
= 22.5 feet and set the stakes at A and B entering the record in 
the notebook as before, except that now the numerator of the 
fraction will be marked — instead of +. 

We will next take the case where the surface of the ground 
has a transverse slope. See Fig. 54. Now hold the rod at the 
point C, and suppose it reads 9.25 feet. Now if the ground were 




Fig. 54. 
level through C we would have to go out to the right 9+(6.25 
X 1.5) = 18.4 feet to some point 13. But there the rod reads, say, 
1.5 feet, hence we know we are out too far by 7.75x1.5 = 11.63 
feet, bringing us bJick to some point as E and the rod now reads, 
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say, 3.5 feet and we move out again 2.0 X 1.5 = 3 feet. Therefore 
we move back and forth until we find the point B where the com- 
puted rod reading and the actual reading agree. 

Sometimes it will be found that a part of the section is in 
cut and a part in fill, but methods outlined will serve in any case. 

The distance between the sections longitudinally will depend 
upon the nature of the ground. On uniformly sloping or level 
ground they may be taken 100 feet apart. Over uneven ground 
it may be necessary to take them as closely together as 25 feet or 
even less. In the sections themselves, a sufficient number of rod 
readings should be taken that the area of the sections may be 
determined with reasonable accuracy. 

After the field work is completed, the notes are plotted, 
usually upon cross-section paper, and the areas determined either 
with a planimeter, by Simpson's rule or some other method. These 
sections then divide the earthwork into a system of prismoids of 
which the volume must be calculated. The formula for calculat- 
ing volumes is known as the Prisraoidal Formula and is as follows: 

in which I = length between consecutive sections, A = one end sec- 
tion, B ^ the other end section and M -= the section midway be- 
tween the two. The result is given in cubic yards. 

The mistake must not be made of assuming that M is a mean 
between A and B; but a theoretical section must be plotted whose 
dimensions are a mean between those of A and B. This often 
results in quite a complicated problem, and various other formulae 
have been devised to give sufficiently close results without the 
labor and time involved in the preceding. This will be treated in 
detail in Railroad Engineering. 
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The meridian plane of any place upon the earth's surface 
is a great circle passing through the zenith of the place and the 
poles of the earth. A true meridian is, therefore, a line lying in 
this plane, and would, if produced, pass through the poles. 

The magnetic meridian plane would in the same way be 
defined by the zenith and the magnetic pole of the earth; but since 
this jxAe is not fixed in position, the magnetic meridian is defined 
as the direction of the line indicated by the position of the 
magnetic needle. 

At a few places upon the surface of the earth, the true meridian 
and the magnetic meridian coincide at timeSj but for the most 
part they differ in direction by an ever varying quantity. The 
angle at any place between the true meridian and the meridian as 
defined by the magnetic needle, is called the magnetic declination 
for that place. If the direction of the magnetic meridian were 
constant, or if the changes followed any particular law, it would 
be a comparatively simple matter to determine the declination for 
any time or place. The variations occurring are of three principal 
kinds — diurnal, annual, and secular, the last being the most 
important. 

Diurnal Variation. On continuing observations of the 
direction of the needle throughout the day, it will be found that 
the north end of the needle will move in one direction from about 
8 A. M. until shortly after noon, and then gradually return to its 
former position. 

Annual Variation. If observations be continued throughout 
the year, it will be found that the diurnal changes vary with the 
seasons, being greater in summer than in winter. 

Secular Variation. If accurate observations on the declination 
of the needle, in the same place,' are continued over a number of 
years, it will be found that there is a continual and comparatively 
constant increase or decrease of the declination, continuing in the 
same direction over a long period of years. 
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Besides the above, the declination is subject to variations more 
or less irregular, due to local conditions, lunar perturbations, sun 
sjxjts, magnetic storms, etc. 

The declination in any part of the United States may be 
approximately determined by consulting the chart issued from time 
to time by the United States Coast and Geodetic Survey. (See 
chart, page 132.) Upon this chart all points at which the needle 
jxjints to the true north are connected by lines, called lines of no 
declination. Lines are also drawn connecting points of the same 
declination, called isogenic lines. 

The isogenic curves or lines of equal magnetic declination (variation 
of compass) are drawn for each degree, a -f sign indicating West declination, 
a — sign indicating East declination. 

The magnetic needle will point due North at all places through which 
the agonic or zero line passes, as indicated on the chart. 

Before undertaking an extensive or important survey, it is 
the first duty of the surveyor to determine accurately his declina- 
tion. This is best done by laying out a true meridian upon the 
ground and comparing its direction with that indicated by the 
needle. Before describing the methods of laying out a true 
meridian, it will be best to describe the compass. 

THE COMPASS. 

Construction. The surveyor's compass consists primarily of 
a circular brass box, carrying, upon a pivot in its center, a strongly 
magnetized needle (see Fig. 56). The inside edge of the box on a 
level with the needle, is usually graduated to half degrees, and 
smaller inters'als may be " estimated." Two points diametrically 
opposite each other are marked 0°, and form the north and south 
ends of the box, the south end being indicated by the letter S, and 
the north end either by the letter N or by a fleur-de-lis or other 
striking figure. The divisions extend through 90° upon both sides 
of these jx^ints, to the east and west points marked respectively 
E and W. The east side of the box, however, is on the left as the 
observer faces the north end; this is because the needle remains 
stationary while the box revolves around it. The divided circle is 
sometimes movable, being fitted with a clamp and tangent-screw 
for setting oflF the declination of the needle. 
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The magnetic needle is the most essential part of the compass. 
It consists of a slender bar of stfH^l, usually five or six inches long, 
strongly magnetized, and balanced on a pivot so that it may turn 
freely and thus continue to point in the same direction however 
much the box carrying the pivot may be turned around. To this 
end the pivot should be of the hardest steel, ground to a very 
fine point, or, better still, of iridium ; and the center of the needle 
resting upon the pivot should be fitted with a cap of agate or other 
hard substance. 

To distinguish the ends of the needle, the north end is usually 




Fig. 56. 

cut into a more ornamental form than the south end, or the latter 
end may be recognized by its carrying a coil of wire to balance the 
"dip." 

Intensity of directive force and sensitiveness are the chief 
requisites in a magnetic needle, anJ nothing is gained by making 
a needle over five inches in length. Indeed, longer needles are 
liable to have their magnetic properties impaired by polarization. 
The needle should not come to rest too quickly. Its sensitiveness 
is indicated by the number of vibrations that it makes in a small 
space before coming to rest. Should it come to rest quickly or be 
sluggish in movement, it indicates either that the magnetization 
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is weak or that there is undue friction between needle and pivot. 
The under side of the box should be fitted with a screw which, 
engaging a lever upon the inside of the box, will serve to lift the 
neinlle off the pivot when the instrument is carried about. 

The sights form the next most important feature of the 
compass. They consist of two brass uprights, with a narrow slit 
in each, terminated at intervals by circular apertures. They are 
mounted directly upon the compass-box; or the bottom of the box 
may be extended at each end in the form of a plate, and the sights 

attached at the ends of the plates. How- 
ever mounted, the sights should have 
their slits in line directly over the north 
and south points of the divided circle. 
The right and left edges, respectively, of 
the sights, may have an eye-piece and a 
series of graduations, by which angles 
of elevation and depression for a range 
of about twenty degrees each way can 
be taken with considerable accuracy. 
This device is calhnl a tangent scale, 
the graduated edges of the north sight 
being tangents to segments of circles 
having their centers at the eye-pieces, 
Fig. 57. and their points of contact with the 

tangent lines at the zero graduations of the scale (see Fig. 56). 
The spirit levels may be placed at right angles to each other 
in the bottom of the compass-box, or mounted in the same way 
upon the plate. 

The compass is usually fitted to a spindle made slightly 
conical, which has on its lower end a ball turned ix^rfectly spherical, 
confined in a socket by a pressure so light that the ball can be 
moved in any direction in leveling the instrument. The ball is 
plactnl (Mther in the brass head of a Jacob staflF, or, better, in the 
top casting of a tri^xxl. 

A i)lumb-bob should be provided with the instrunu^nt to center 
it over a stake. 

A teU^scope is sometimes provided, to be attached to one of 

the vertical sights, for the i)urpose of more clearly defining the 
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line of sight. The compass is, however, so inaccurate that it would 
seem to be an unnecessary refinement. 

Prismatic Compass. This is a form of compass used in 
general where merely ordinary work is required. It is about 
3 inches in diameter with a floating metal dial (see Fig. 57), and is 
provided with folding sights and prism. By means of the latter it 
may be read while being pointed. This is especially useful when 
the instrument is held in the hand. Although it can be mounted 
on a Jacob staff, it is usually held in the hand and carried in the 
observer's pocket. 

Adjustment. To Adjust the Levels, First bring the bubbles 
to the middle of the tube by the pressure of the hand on different 
parts of the plate, and then turn the instrument half-way round. 
If the bubbles remain in the middle of the tubes, the tulx^s are in 
adjustment. If the bubbles do not remain in the middle, raise 
or lower one end of the tube to correct one-half the error. Kelevel 
the instrument, again test, and apply the correction as before. 
Continue the operation until the levels are in perfect adjustment. 

To Adjust the Needle to the ^^Dip^ While the compass 
is still in a perfectly level condition, see if the needle is in a 
horizontal plane. Should this not be the case, move the small coil 
of wire towards the high end until the needle swings horizontally. 

To Adjust the Sight- Vanes. Observe through the slits a 
fine hair or thread made exactly vertical by a plummet. Should 
the hair appear on the side of the slit, the sight-vane must be 
adjusted by filing its under surface on the side that seems the 
higher. 

To Adjust the Needle. Having the eye nearly in the same 
plane with the graduated rim of the compass-box, bring one 
end of the needle in line with any prominent graduation mark in 
the circle, as, for instance, the zero or the 90-degree mark, and 
notice if the other end corresponds with the same degree ujxjn the 
o^oposite side; if it does, the needle is said to "cut" op]X)site 
degrees; if not, bend the center pin, until the ends of the needle 
are brought into line with the opposite degrees. 

Then, holding the needle in the same position, turn the 
instrument half-way round, and note whether the neinlle now cuts 
opposite degrees; if not, correct one-half the error by bending the 
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needle, and the other half by bending the center pin. The 
operation of testing and correcting should be repeated until perfect 
reversion is secured in the first position. This being obtained, the 
operation should be tried on another quarter of the circle; if any 
error is found, the correction must be made in the center pin only, 
the needle being already straightened by the previous operation. 
When the needle is again made to cut, the test should be tried in 
the other quarters of the circle, and the correction made in the same 
manner, until the error is entirely removed and the needle will 
reverse at every point of the graduated circle. 

Use. In the operation of locating points, and therefore lines, 
by angle-measuring instruments, two operations are necessary: — 
(1) to measure the angle at the instrument between some given line 
and the line passing through the given point; (2) to measure the 
distance from the instrument to the given point. For the first 
operation two types of instnmient are in general use — the 
compass and the transit. For the compass, the line of reference 
from which all angles are measured is a meridian, and the angular 
deviation from this line is called the bearing. The bearing and 
length of a line are collectively named the course. The compass, 
therefore, measures bearings directly and angles indirectly. 

To Determine the Bearing of One Point from Another, 
"Set up" the compass over one of the points, and level carefully. 
Turn the sight- vanes in the direction of the second point, with the 
north end of the plate ahead. Hold a rod upon the second point, 
and cover it with the slits in the sight-vanes. Now lower the 
needle upon the pivot, being sure that the instrument is still level; 
allow it to come to rest, and read the bearin'g. 

To Survey a Series of Lines with the Compass. "Set up" 
the compass over the point A, with the north end of the plate 
ahead (Fig. 58); and after leveling, turn the sight- vanes to cover 
a rod held upon the \yo\i\i B. Now send out the tape in the direction 
of B, and, sighting through the slits, signal the head taj^eman 
into line. Continue this until the point B is reached. Now read 
and record the bearing and the length of the line. Take up the 
instrument, and carry it to B. Set it up over B, with the north end 
ahead, that is, jx^inting in the direction x)f the survey. Level, and 
turn the south end so as to cover a rod held upon the point A. 
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Rocul thr boarinj^ ns a clu'ck uik)ii tlir fornuT oiu', l>ut rcvtM'scd iji 
(linvtion; /. f\, if th(» bcarin*; from A to I> was iiortli by cast, thi» 
bearing from B to A will bi* south by wrst. If llic dinvt and 
reversed bi 'a rings eluH'k, turn ilu» north end of the c()mi)ass to cover 
a rod held uiK)n C. Read the bearing, measun* B C\ tak(^ the 
instrument to (\ and pro<H'ed as before. 

If at any station, such as C, the* direct and reversi-d bearings 
do not agr(M% take the instrument back to B and again take the 
bearing of B C If they still discigree it indicates local attraction 
at C. Take the instrument to D and take the bearing of T> i\ 
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comparing it with the bearing of C^ 1). If th(»se disagree, reconl 
the bearings of B C and D (^ as well as those of V B and C D. 
The latter should chec^k th(» former, sinct* the local attraction at C 
will affect both lines ec^ually; and the corn^ct angle between the 
lines can be computi?d. 

Locating a series of lines with certain h»ngths and bt?arings is 
essentially the same as abovt\ except that after the compass has 
Ikh'u turned in the projx^r direction, the stations must ho brought 
into projxT line. 

Hen^ it may b(» well to remark u^x^n tht* pro]_x'r method of 
reading an<l recording bearings. Always n*ad the north or south 
end of th(» plate first; /. f\, if a line has a bearing S*")'' east of 
north, it sliould b(» n:.ad and recorded X *^5° E. If the b(»aring is 
IK)"" east or west of north or south, record the Ix^aring as E or W. 

The Gunti^r's chain is always us(mI in land surv4»ys made with 
the compass, and (IimmIs and n»(»ords of such survc^ys jin; based 
uixyn the (luntc^r's chain as thi» unit. 

HliifH Reijnrdhuj the Unv of the CompasH, Sometimes, as 
when th(» line of which the bearing is rcMpiinnl (»onsists of a fence, 
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otc, the compass cannot Ixi set iiixin th(^ line. In su(»]i a case 
measure off t^qual distanct^s at right angU»s to tht^ line, an<l find the 
Ix^aring of the parallel line; the length should be measured xiyKyn 
thc^ line itself. In other cases it may be more convenient to set 
the comi)ass or rod "in line'' upon the line produced, or ujx^n some 
intermediate point of the line. 

It is more important to have the compiiss level, crosswise of 
the sights, than parallel with them. 

Avoid reading the bearing from the wrong number of tlu^ two 
b(*tween which the needle ix)ints, as for instance 35° for 25''. 

Check the vibrations of the needle by gently raising it off the 
pivot and lowering it again by means of the screw on the und(»r 
sid(i of the box. 

If the needle is slow in starting, smartly tap the compass to 
destroy the effect of any possible adhesion to the pivot or friction 
of dust ujxjn it. 

Avoid holding the pins, axe, or any other body of iron, in 
close proximity to the needle. 

Should the needle adhere to the glass after the latter has been 
dusted with a handkerchief or has betni carried so as to rub 
against the clothes, the trouble is due to the* glass being then^by 
charge<l with electricity and may be obviated by moistening the 
finger and applying it to the glass. 

RELOCATION. 

Suppose it is required to relociite a line, no trace of the old 
survey being at hand except the given line. Now, bc^tween the 
date of the old survey and the present, the declination of the needle 
has changed several degrees. The first duty of the surveyor is to 
consider this question very carefully, and to ascertain the probable 
amount of change in the magnetic needle. Suppose the result of 
his inquiry leads to N 38° 15' E as the bearing. Starting at 
corner A, Fig. 59, the surveyor runs a random line AS on the 
b(»aring N 38° 15' E, and measures along this line a distance of 
32 chains, or 2,112 feet, to ixjint S. On arriving at S, the surveyor 
proceeds to look over the ground on both sides of this jx^int for a 
lost comer, which is described in the old record as a monument, 
stump, or some other well-defined mark. If, after dilige*nt stvirch, 
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no trace of this mark can bti found, nothing fnrthor can Ixi done 

from the data at hand. Howev(?r, should the mark be found at ;>/, 

a perpendicular is dropped uixju the line AS, and its length is 

'J^ 3 measured, as is also the distance ?iS. 

j J^^ ^^ ^^ ^^^ evident that the distance 

I ^/^ ^^>Tn A/i becomes known. From the right 

j ^y^^^^^^ triangle, the angle npLiii can be com- 

i^,j^<^'''^ - puted, and the present magnetic bear- 

Fig. 59. ing of Km can be determined. 

For example, supix)se that mn is found to be 37.4 f(»et, while 

A/4 is 2,110.5 feet, then tan. w Aw r-^— -— :^ 0.01772, whence nXm 

An 

=1^ 10', and the present magnetic bearing of A;m is N 37° 16'. 

2 110 5 

The distance Km = —^-o-rrrr- = 2,110.8 feet. This indicates 

COS. 1 10 

that the present work is correct, and that the old survey was in error 

by 1.2 feet. As there is a principle of law that establishes comers 

and monuments, resurveys must control; therefore the new record 

of the line Km is N 37° 16' E, 2,110.8 feet. Intermediate i)oints 

of the line Km may now be established from the starting point A, 

running it out with the new bearing. 

EXAMPLE FOR PRACTICE. 

Compute the distance and blearing of two points w^hich are not 
intervisible. Call the line GH. A line is run approximately near 
H, from the known comer Q to a point A which is visible to H; 
the b(»aring and length of this line being N 42° 15' E, 714.5 feet; 
AH being N 1° 08' E, 210.5 feet. 

Ans. N 33° 14' E, 883.99 feet. 

To Find the Bearing of One Line to Anotlier. Suppose, in 
Fig. (K), that of the tract of land therein described there has b(H»n 
prepared a rough i^lot upon which the angles, bearings, and 
distances as taken from the field book are figunnl. In order to find 
the bearing of one* line to another, add together the interior angles 
formed at all the comers; call their sums a\ multix^ly the number 
of the sid(*s by 180°; from the product subtract 3G()°. If the 
n^mainder is equal to ^, this is proof that the angles have b(M»n 
accurately measured. This, however, will rart»ly if ev(»r oc»cur; 
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ihoi'i) will always be soiiio (liscTi'X)aiicy, but if the field work has 
been jxTforined with reasonable care the discrepauey will not 
excetxl two minutes for each angle. In this case divide it, in equal 
parts, among all the angles, adding or subtracting, as the case may 
b(% until it amounts to less than one minute for each angle, when 
it may be entirely disregarded in common farm surveys. 

» * The corrected angles may pow be marked on the plot in ink, 
and the jx^nciled figures erased. We shall suppose the correct(Hl 




Fig. 60. 



ones to be as shown in Fig. f50. Next, by means of these corn^ctcnl 
angh^s, correct the bearings also. 

Select some side, the longer the better, from two ends of which 
the bearing and the reverse bearing agree, thus showing that the 
bearing was probably not influenced by local attraction. L(»t side 
2 be the one so selectinl; assume its bearing N 75° 32' E, as t^iken 
on the ground, to be correct; through either end of it, say at its 
farther end 2, draw a short meridian line, parallel to which draw 
others through every comer. 

Now, having the bearing of side 2, N 75° 32' E, and requiring 
that of side 3, it is plain that the reverse bearing from comer 2 is 
S 75° 32' W, and that therefore the angle 1 2 m is 75° 32'. 
Thert^fore, if we tak(^ 75° 32' from the entire correctcKl angle 1 2 3, 
or 144° 57', the remainder 69° 25' will be the angle 7/1 2 3; conse- 
(iu(»ntly th(i bearing of side 3 must b(^ S 69° 25' E. For finding 
th(» b(\iring of side 4, we now have the angle 2 3 a of the reverse 
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blearing of side 3, also equal to 69° 25', and if we add this to tlu* 
entire corrected angle 2 3 4, or to 69° 32' we have the angle a 3 1 
= 69° 25' + 69° 32' = 138° 57', which, taken from 180°, leaves 
the angle J 3 4 = 41° 3' ; consequently the bearing of side* 4 must 
beS41°3'W. 

For the bt^aring of side 5, we now have the angle 3 4 c ^^ 41'' 

3', which, taken from the correcttnl 
C angle 3 4 5, or 120° 43', leaves th(^ 
angle ^45 = 79° 40', consc^qut^ntly 
the bearing of side 5 must bi^ N 79' 
40' W. At comer 5, for the bt^iring 
of side 6, we have tht^ angle 4 5 c/ =^ 
D 79° 40', which, taken from 133° 10', 
leaves the angle 6? 5 6 = 53° 30'; 
consequently the bearing of side* 6 
must be S 53° 30' W; and so with 
wich of the sides. Nothing but careful observation is necessary to 
see how the several angles are to be employed at each comer. 
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FARM SURVEYING. 

Method of Progression. Farm surveying with the comxmss 
does not differ in any essential particular from the methods 
outlin(Hl for surveying a series of lines. If the boundary lines are 
irregular, it will be necessary to measure oflfsets at j^roper intervals, 
that the included area may be calculated. The method above 
described is known as the method of progression. 

Method of Radiation. The method of radiation consists in 
S(»tting iqj th(» instrument at some point inside or outsid(^ the fi(»ld, 
from which all the comers are visible and accessible, and tht^n 
measuring the bt^aring and lengths of the lines to these corn(TS. 
Fig. 61 illustrates the meth(xl. Set up the compass at the ix)int O, 
and tak(* the* bi^arings and liuigths of th(^ lines O A. O B, O C, 
O D, and O E. 

Method of Intersections. Lay off a bas(»-lin(» of convenient 
length inside or outsidi* the field, from whicli all the* corners are 
visible. Set up th(» compass at oni» end of the base-lint*, and take 
the bearings from it to each corner in succession. Remove the 
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compass to the other eud of the base-line, and take the bearings 
from it to each corner in succession. Take the bearing and length 
of the base-line. Now, when these bearings and lengths are 
plotted, the intersections of the lines will define the corners. 

Proofs of Accuracy. When the survey of a field is plotted, 
if the end of the last course meets the starting ix)int, it proves the 
work, and the survey is then said to "close."" Errors of closure 
may b(* due (uther to incorrect lengtlis of lines or to incorrect 
bearings, or to both. ^ 

Diagonal lines running from corner to corner of a field may 
be measured and their bearings taken. When these are iJottcxl, 
their meeting the jXDints to which they were measured i)roves the 
accuracy of the work. 

Finally, the accuracy of the work may be tested by calculating 
the "latitudes and departures" of all the courses. If their algebraic 
sum is equal to zero, the work is correct. A check upon the 
bearings may be had by calculating the "deflection angles" between 
the courses. If their sum is equal to 300 degrees, the bearings 
are correct. This, however, will seldom be the case. A certain 
amount of error is permissible, depending upon the nature and 
imxx)rtance of the work. 

Field Notes. The field notes may be recorded in various ways, 
the object being to make them clear and full. 

1. The surveyor may make, in the &e\d book, a rough sketch 
of the surv^ey by eye, and note on the lines their bearings and 
lengths. If a i)rotractor and scale are available, the actual bearings 
and lengths of the linens may be plottcni in the notebooks, as well 
as offsets, etc. 

2. Draw a straight line up the page of the notebook, and 
record on it the bearings and lengths of the lines. Offsets, 
tie-lines, etc., can Ik* ijlotted in their pro^x^r positions. 

3. Write the stations, bearings, and distances in three 
columns. This method has the advantage, when applied to farm 
surveying, of being convenient for use in the subsequent calcula- 
tion of contents, but does not give facilities for noting effects. It 
is illustrated as follows: 



PLANE SURVEYING 



81 











STATIONS. 


BEARINGS. 


. DISTANCES. 





1 
3 

4 


N. 32^ E. 
S. 36" E. 
S. 27)^° W. 
S. 16^ W. 


16.82 

18.90 

7.85 

15.30 



Notici* that dist^uices are given iii Gunter's chains, and in 
calculating content the result will be given in square chains, which 
can be reduced to acres by i>ointing off one decimal place. 

To Change Bearings. In certain kinds of work with the 
coini>ass, it is convenient to assume one of the lines as a meridian, 
and it then becomes nec(»ssary to change the bearings of all of th(^ 
other lines to conform with the assumed meridian. This case is 
best illustrated by an example. 

The bearings of the sides of a field are here shown: Suppose 
now that the first course is assumed as a meridian, that is, that its 



STATIONS. 



UEA RINGS. 



*> 

3 
4 

5 



N. 35^ E. 
N. 8S}i° E. 
S. 57^" E. 

s. 3414^ W. 

N. 56H' W. 



DISTANCES. 

2.70 
1.29 
2.22 
3.55 
3.23 



bearing is due north and south. Required the bearings of the 
remaining courses. 

Since the courses are changed to the west by 35°, the new 
bearing of course 2 will be N 48^° E. Of course 3 it will be 
57° + 35° ^ 92°, or the new bearing will be N 88° E. Of course 
4 it will be 34 J ° — 35°, or J ° in the ni^xt quadrant, or the bearing 
will be S 1° E. Of course 5 it will be 56^° + 35° = 91^°, or the 
bearing will b(i S 88^° W. 



EXAMPLE FOR PRACTICE. 

The bi^irings of a series of courses are given as follows: 
The bearing of the first course is changinl to du(^ north and south. 
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If, is rt'quintl to tletermine the bearings of all the oourscs, dm' 
to f liis change. Find bearings and plot the lines. 

Ans. Course 2 ^ N (J2J° E; 3 = N 9° \V; 4 ^^ N ficS" W. 



STATIONS. 



IJF.AKIN(;s. 



1)1 STANCES. 



:\ 



s. 21 w. 

\.12 K. 
X. 47 W. 



12.41 

ri.s<i 

S . 2.". 
4 . 24 



Latitudes and Departures. Tlu» latitude of a point is its 
(listaiKM* north or south oi some line i akk^n na a per a Hrl <tf latitude^ 
or line running east and west. 

The longitude of ajooint is its distance east or west of some 
line taken as a meridian^ or line running north and south. 

The distance that om» end of a line is north or south of th(» 
othcT (Mid is th(* ** Difference of Latitude"" of the two ends of the 
line, and is called its northing or southing, or its latitude. 

The distance that one end of a line is east or west of th(^ 
other end is the '' Difference of Longitude '' of the two ends of tlie 
line, and is calUnl its easting or westing, or its departure. 

Th(» terms Latitude Difference and Longitude Difference hav(» 
of late come into quite g(Mieral favor; but whiles they an^ ix'rliaps 
more explicit, tliey are certainly cumbiTsome, and the older terms 
will be adhered to in wliat follows. 

N A In Fig. ()2, N 8 represents a meridian, 

and E W a parallel of latitude. If we 
take the line O A, its bearing as given 
by the compass is tlie angl(» NOA. Th(» 
^latitude or northing of thc^ i)oint A is 
therefore A R - -- O A cos NOA. Its 
dcpa rt n re or casting is () B -() A sin XOA. 
To find the l((f it title of a course, 
multiply the length of the course by the 
^ natural cosntc of the bearing; and to find 

Fiir. (;2. tli(w/ry>/^/7^//T of any course, multiply the 

length of the course by tlu* natural si/tc of the beariti*;. 
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If the course be northerly, the latitude will be north, and will be 
designated by the sign +5 or plus; if the course be southerly, the 
latitude will be south, and will be designated by the sign — , or minus. 

If i]w cours(» be easterly, tlu^ di^partun* will bc^ east, and will be 
designated by the sign +, orpins; if tlie course be westerly, the 
departure* will bi» w(»st, and will b(» d(»signated by the sign — , minus. 

Thus in the* figun^ OA is of plus latitude and i)lus d(*iMrture; 
OP is of plus latitude and miniis de^xirtun*; OD is of minus 
latitudi* and minus dcparturi*; and OC* is of minus latitudi* and 
1)1 us di'parture. 

For calculating latitudes and deixirturi^s, a si»t of traverst* 
tables may be procured; but a table of natural functions will b(; 
satisfactory,' thougli xx>ssibly less convenic»nt. 

Testing a Survey by Latitudes and Departures. It is evident 
that after the surveyor has gone comjjletely round a field or farm, 
measuring all the lengths and bearings, returning to the starting 
lK)int, he has gone as far north as south, and as far east as w(»st. 
In other words, if the work has been done correctly, the algebraic 
simi of the latitudes must equal zero, and the algi^braic sum of the 
d(*partures must equal zero. This condition, however, will seldom 
bt» attained, and it bt^comes necessary to decide how much error 
may l)e jx^nnitti^d without necessitating another survey. This will 
deix^nd uix)n the nature of the work and its imi)ortance, and a 
survevor will soon determine for himself his factor of error, 
deix^iding partly upon his instrument, partly upon persoiud skill, 
for ordinary cases. If it is necessary to dei)end uixya a **green''' hand 
to carry the taix* or chain, this may prove a fruitful source of error. 

We shall now i)roc(H»d to calculate the latitudes and departures 
of the surv(\v as givcMi b(*low. Arrange^ tlie diagram as bi»low with 
sin*en columns: 



STATIONS. 



•» 



r.K\FiiN(;s. 

S. 21 W. 
X. 12 Kr 

\. 47 W. 



mST.XNCKS. 

V2.ll 

r).S(i 

8.2;') 
1 . 24 

:jo.7G 



LATimiES. 
N. S. 



i)Am 

s.(m;o 

2.S1)2 
1 1 . (IVJ 



u.rm 



n..7ji 



DKrAirnitEs. 
K. w. 

4.4i:{ 



l.TKi I 






:m(>i 
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The cosine of the bearing of course 1 is 0.934.12.41=11.591 — Latitude. 
The sine of the bearing of course 1 is 0.358.12.41= 4.443 — Departure. 
The cosine of the bearing of course 2 is 0.118.5.86 = 0.691 -j- Latitude. 
The sine of the bearing of course 2 is 0.993.5.86 = 5.819 + Departure. 
The cosine of the bearing of course 3 is 0.978.8.25 = 8.069 -f- Latitude. 
The sine of the bearing of course 3 is 0.208.8.25 = 1.716 -j- Departure. 
The cosine of the bearing of course 4 is 0.682.4.24 = 2.892 -f Latitude. 
The sine of the bearing of course 4 is 0.732.4.24 = 3.104 — Departure. 

The latitudes fail to balance by 0.061 chains, and the depjirtures 

^ 

by 0.012 chains. The error of "closure" of the survey is therefore 

I 2 2 

E-^-^.OOl + .012 =0.062 + chains, or approximately 4.09 feet. 

This sum may be dividtnl up among the courses in proportion to 
the length, or the bearings may be corrected, or partly one and 
partly the other, as will hereafter be explained. 

Balancing the Survey. Before proceeding to the calculation 
of the content of a field or farm, the survey must be balanced; 
that is, the latitiid(»s and de^mrtures must be corrected so that their 
sums shall be equal, or shall balance. As to whether the bearings 
or lengths shall be corrected, will depend somewhat npon the 
conditions under which the survey was made. If the surveyor has 
reason to think that the error is entirely in the Ix^aring of one or 
more, or even of all of the courses, the corrections may be made 
accordingly. If, on the other hand, one or more of the courses 
were measured over difficult ground, it may be presumed that the 
error occurn^l in those lines. If, however, there is no reason to 
believe that one course is in error more than another, the 
differences may be distributed among the courses in proportion to 
their length, according to the following proportions: 

As the length of any course is to the sum of the lengths of all 
the courses^ so !s the correction of the latitude of that course to 
the total error in latitude of all the courses. 

As the length of any course is to the sum of the lengths of 
all the courses-, so is the correction of the dcjyarture of that cou7*se 
to the total error in departure of all the courses. 

The practical application of these proportions to balancing a 
survey will be illustrated from the preceding ijroblem: 

For course 1 . . . . 12.41 : 30.76 : : .r : 0.061 . . . . j- = .0246, correction for latitude. 
For course 2. . . . 5.86 : 30.76 :: x : O.OGl. ...jr = .0116, correction for latitude. 
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For course 3 8.25 : .30.76 :\ x : 0.061 x = .0164, correction for latitude. 

For course 4. , . 4.24 : 30.76 :: x : 0.061 c = .0084, correction for latitude. 

Since the sum of the north latitudes is the greater, the corrections will be 
subracted from them and added to the south latitudes. That is to say, the 
correction for course 1 will be added to 11.591, the result being 11.6156. 
The correction for course 2 will be subtracted from 0.691; that for course 3 
will be subtracted from 8.069: and so on. 

For course 1, . .12.41 : 30.76 :: .r : 0.012. . .x = .0048, correction for departure. 

For course 2. . . 5.86 : 30.76 :: x : 0.012 c = .0023, correction for departure. 

For course .3.. .. 8.25 : 30.76 :: x : 0.012 c = .0032, correction for departure. 

For course 4 4.24 : 30.7G :: x : 0.012 r = .0017, correction for departure. 

The corrections are to be subtracted in this case from the west departure 
and added to the east departure. 

In this example, the errors are small, but often they will be so 
large as to raise doubt as to the accuracy of the survey. In such a 
case, go carefully over all the computations, and, if the error is still 
too large, check the exterior angles of the figure (their sums 
should equal 360°), and if necessary repeat the survey. Having 
corrected the latitudes and departures, the corrected bearings of the 
courses may be derluced from the trigonometric ratio: 

rr, 1 . corrected demrture 

Ian. bearing = — , , ,., — = — 

corrected latitude 

Calculating the Content. After a field has been surveyed, its 
content may be adculated by dividing it up into triangles, trape- 
zoids, etc., calculating the various contents, and adding them 
together. This, however, is at bt^st a cumbersome nu»thod, involv- 
ing much work of calculation and great chance* of error. The 
method of latitudes and departures is at once simple, easily applied, 
and easily checked. 

Before proceeding to develop a formula for this method, it will 
be necessary to illustrate and define certain terms. 

Draw a lini\ as N S (Fig. 03), through the extreme east or west 
corner of thc^ fii4(l for a meridian. From the definitions previously 
given, the diff(T(Mic(» of longitude of the two ends of a line is the 
departure of the line. I B is therefore the dejmrture of the line 
A B. The departure of the line B C is L C; that of E F is S F; 
and that of A F is O Q. 

Tht» ix*rix^ndicular distance of each station from the given 
meridian is the longitude of that station^ plus if east, minus if 



8B 



PLANE SURVEYING 



west. Thus th(» longitude of A is zero; that of B is I B; that of C is 
1 B + L C; that of E is O Q + F S; and that of F is O Q = 
ZS — FS. 

The difference of latitude of the two ends of a line is called the 

latitude of the line. Thus the 
latitude of A B is A I; that 



N 



. K !m 



G- 



A 

O 

W 



1 
1 


/ 






\ 


1 


4 






\ 


/ 








\ 


c 


-^ 


p 


• 


X^ 





— 


^ 1 



of BO is BL; that of E F 
is E S. 

Tlu* distance of th(* middle 
of any side of a ,field from the 
meridian is called the Joiujl- 
tilde of that side. Thus the 
longitude of the side A B is 
GH;thatofBCisJXr=GH 
+ K M + MX; and that 
of A F is WV = OR — QR 
Fig. 63. — QP^ the minus signs being 

used in this instance because the lines E F and A F bear to 
the west. An analysis of W V will show that it equals O R 
(longitude of preceding course) + [ — R Q (one-half dejmrture of 
preceding course)] + [ QP (one-half dejmrture of the course 
itself)]. 

To avoid fractional quantities, double the preceding expres- 
sions and then deduce a general rule for finding double longitudes. 
The double longitude of the first course equals the depirture 
of that course. The double longitude of the second course equals 
the double longitude of the first course, plus the departure of the 
first course, plus the d(*parture of the second course. 

The dofdde longttnde of a.n/ course equals the double lomji- 
tude of the preceding course^ plus the departure of the preceding 
course J plus the departure (f the course itself 

Wi» shall now proccvd to deduct* a nde for determining areas 
by double h)ngitu(l(»s and dc^partures, and shall first take a thnM*- 
sided field, as in Fig. (U. 

Drawing a lim* through th(» most westerly corner A, we s(H' 
that tlie area of tlie fi(»](l will be tlu^ differenci* b(»tween the area of 
the tnqH'zoid I) B C M and the combined area of th(» triangh^s 
D B A and A M. The double an^a of the triangle D B A is the 
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pro(lii(*t of D 1> by D A, or tlu» doiiblc longitudo of A B by tlu» 
latitudi' of A B. Tlu) resulting proiluct will b(^ north or phi,s. 
Th(^ double* area of th(^ traix'zoid D B C M is tlu» i)rotluct of (D B 
+ M C) ---= 2 G H, by D M, that is, the doubh^ longitude of B C by 
its la ti tilde. The n»sidting prodiiet will be south or w///u/^<. The 
doubh* area of the triangle A C M will be th(* prodiict of M C by 





Pig. (54. 



Fijr. a5. 



A M, or thi^ double longitude of the course A C by its latitudi\ 
The resulting product will be north or ph(s. Adding together, 
then, the plus products, and subtracting from the* minus i^roduct, 
gives as th(^ result the? double ari^a of the field. 

We shall n(*xt take a four-sided field, as in Fig. (m. 

It is evid(*nt that the are^a of the field A B C D is the* diflference 
between the sum of the areas of the two trapezoids T 1^ V K 
and RODE and the sum of the an^as of the triangles A B T 
and A D E. 

Th(» double area of the triangle A B T is the product of B T 
by A T, or tlu» double longitude of the cours(i A B by its latitude. 
The ri^sult will be a north product or plus. The double* arc^a of the 
traix^zoid T B C R will be the product of (TB + C R) =2L P 
by T R — tliat is, th(* double longitude* of the* course B C by its 
latitude. The result will bt^'a south product or ml huh. The double 
area of the traiJ(»zoid RODE w^ill b(* the product of (R C + D E) 
= 2 F K, by R E, or, the* elouble* longitude of the* course* C D 
by its latituele*. The* re*sult will be* a south product or m'nni,s. The 
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STA- 
TIONS. 



1 

2 
4 



I I LATITUnKS. nKPAItrrRKS. lH>rBl.K Doi'iiLK AUKAS. 
liKAKINCS. ilHstaDm.'' LONCl- 



S. 21° W. 
X.8334 E. 
N. 12 E. 
X.47 W. 



I'lStMH^CB. 


N. 


12.41 
5.86 
8.25 
4.24 


0.679 
8.053 
2.884 



R. 



E. 



W. 



TrnKs. 



N. 



S. 



11.616 



5.821 
1.719 



4.4;i8 



3.102 



4.438 51.552 

5.821 < 3.952 I 

13.361 107.596' 

11.978 34.545' 



146.093 51.552 
_51 . 552 
2 94 .541 

47.271 
Akka = 47.271 S<|. Chs. = 4 acres 2 nxKls 37 stj. i)erch(\s. 

doTibk* area of the triangle A D E will be the prochiot of E D by 
A E, or the double longitude of the course A D by its latitudes 
Th(» rt»sult will be a north product or plus. Finally, adding 
together the north products, adding togetluT the* soiith products, 
nnd taking the difference of their sums, gives as the result the 
double area of the fi(»ld A B C D. 

The sauKj princii^le will apply to any enclosiHl area, however 
great the number of the sides. The area will ahcays he one-half 
the fllfferenre of the sums of the north and the south products 
arisiiKj from multiplying the doidde longitude of each course hy 
its latitude. 

For systematic computation arrange tlie work as follows: 

Arranp:e the columns as in the T>roblem on paj^o 8.3. 

Balance the latitudes and departures, putting the corrected (quantities 
above the others in red ink: or else arrange four additional, (columns, and enter 
them in their proper places. 

Compute the double longitude of each course with reference to a 
meridian passing through the extreme east or west station, and place the 
results in another column. 

Multiply the double longitude of each course by the corrected latitu<le 
of that course, and place north product" in one column and .south i)roducts in 
anoth(M'. 

Add together the north products and also the south products, ana take 
the difference of their sums. Divide the difference by two, and the result 
will be the area desired. 

If the survey has been made with a (iunter's <*hain, the result will be 
in s(juare chains. Divide by ten to reduces to acres. 
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To tost the correctness of the calculation assume the meridian as passing 
through the extreme station upon the other side of the field, and carry out 
the work in detail as before. 

We shall now proci^ed to calculate the content of the field 
given by the notes on page 83. The corrections to the latitudes 
will be found on page 84, and the corrected departures on page 85. 

The arrangement of the columns for convenient calculation is 
as described on page 88. Upon making a rough sketch of the 
course, it is found that station 2 is the farthest east; and therefore 
the double longitudes will be calculated beginning with course 2. 
From the definition previously given, the double longitude of 
course 2 is equal to its departure, = + 5.821. The double longi- 
* tude of course 3 equals the double longitude of course 2, plus the 

departure of course 2, plus the departure of course 3, ^= 5.821 + 
5.821 + 1.719 = + 13.361. The double longitude of course 4 
equals the double longitude of course 3, plus the departure of 
course 3, plus the departure of course 4, = 13.361 + 1.719 + 
{— 3.102) = + 11.978. The double longitude of course 1 
ecjuals the double longitude of course 4, plus the departure 
of course 4, plus the departure of course 1, = 11.978 + 
(— 3.102) + (— 4.438) = + 4.438. Multiplying these double 
longitudes by their res^xjctive latitudes gives the quantities in' 
the last two columns, the first being a south product or negative, 
and the other three being north products or positive. Taking the 
difference X)f the sums of the quantities in these columns find 
dividing the result by two, gives the content of the field, 47.271 
scpiare chains. Dividing by ten gives 4.7271 acres. Reduce to 
roods and perches, by multiplying the decimal i^art by 4 and 40 
successively. 

The result may now be checked by beginning with the most 
westerly station, and it will bt». necessary to recalculate tlie quantities 
in the last three columns. 

The following problems are taken from "Gillespie's Surveying'' 
(Stiih^y) : 

EXAMPLES FOR PRACTICE. 

Calculate the content of the fields from the data tabulattxl 
below. The result, where found in square meteors, should be 
reduced to acres: 1 sq. metre =: .000247 acrc^s. 
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STATIONS. 



2 

3 



(■2) 



STATIONS. 



2 
3 



C^) 



STATIONS. 



2 

:i 

4 
5 
6 
7 

8 

9 

lU 

11 

12 



IJKAKINOS. 
X. '^4^4 E. 

N. a-r E. 
S. 56-i:i E. 
S. 34>4^ W. 
N. 56V^' W. 



niSTXNCKS. 


2 


73 


1 


.28 


2 


20 


3 


.53 


3 


20 



Alls. 1 acre, ro(Kls, 14 ixTclics. 



IJEARINCiS. 



1)1 STAN CKS. 



X.35 E. 
N. a3^" E. 
S. 57^ E. 
S. 34^4^ W. 

N. r)6i/2'^ W. 



2.70 
1.29 
2.22 
3.55 
3.23 



Alls. 1 acre, roods, 15 ixTchc^s. 



— 






HKAR1N( 


;s. 


I)1STA>'CKS. 


S. 5 35' 


W. 


2;588.88 meters 


S.;J9 35' 


W. 


1,060.27 meters 


S. 50^ 25' 


E. 


3,078.31 meters 


S. 79^ 5' 


E. 


325. (X) meters 


S. 53' 50' 


E. 


275.00 meters 


S. 48 ' 15' 


W. 


200.00 meters 


N.82^ 45' 


E. 


450.00 meters 


S. 87'^ 40' 


E. 


186.72 meters 


N. 




8,768.12 meters ' 


N.84°25' 


W. 


1,898.54 meters 


S. 5^a5' 


W. 


3,530.60 meters 


N.84^ 25' 


W. 


257.50 meters 









V 4,1HH> acn's. 

Ans. ■( 3 rmxls. 

^ '^^h^oV sq. rods. 

Supplying Omissions. Tho method of latitude's nnd dt'par- 
turcs may bt^ applied to supplying any two omissions in the field 
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notes, as will b(* oxplaincd in conn(H»tion with tho "Uso of tlu^ 
Transit." 

Azimuth. The azimuth of a line is the horizontal angle* 
which the line makes with some other line taken as a meridian. 
It differs from bearing in that it is measured continuously from 0° 
to 360**. All descriptions of property must be given in tenns of 
b(*arings, but line surveys with either tlie comx)ass or the transit 
had b(*tt(»r be given in terms of the azimuth. 

In cistronomical and geodetic work it is customary to nn-kon 
azimuth from the south point arovnd through the irr.stj through 




Fig. 66. 

3()0°. For the onlinary op(»rations of surveying, however, it -is 
better to m(»asure the azimuth from the north iK)int to th(» rii^ht 
throng! I 3()()". 

RESURVEYS, 

Where the boundary lines of a farm or town have bet^n obliter- 
ated and the comers lost, it is often necessary* to mak(» 
r(\surv'ey8 in order to re-establish them. If the comers can 1h» 
found by reliable evidence, they must bt» acc(»pt(»d as corners vvvn 
thougli the second b(\arings and h^ngths of the liiK^s indicate 
different iK)ints. 

It som(»times hapix^ns that sonu» corners can b(» found while 
others cannot. In such cases a series of random lines is to Ix^ run 
with the old bearings, or with the old Ix'arings correctc^d for a 
change* in dt»clinaiion of the ne(*dle betw(HMi th(» two dates. 

As an (»xample, let the records in an old d(»ed give i\w length 
and bearings of three lin(»s as follows: (S(»(» Fig. (W),) 
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A6 N eO'* E 10 chains. 
bo N 45"^ E 4 chains. 
cd S 45^^ E 8 chains. 

There being no definite data at hand to deti^rmine the change 
in the magnetic declination betwetni. the diitc^s of the two surveys, 
the lines AB, BC and CD are run with the givtni bearings and 
distanc(^8 from the known comer A. The old comers i and ^• 
cannot be found; but on arriving at D the old corner d is discov- 
ennl at a ix)int 20.4 links S and 12° W from D It is retiuinnl to 
locate th(» old comers J and c. 

By the method explained before, the lengths of tlie lini^s DA 
and dA may be computed. They are: for DA, south 82° 47', wi»st 
17.29 chains; for rfA, south 83° 26', west 17.22 chains. 

Now the error Dd between the two corners is due to two 

causes: (1) the continued variation in the magnetic bearings of the 

old surveys, . (2) the difference in the length of the chains used. 

The first cause alters the polygon AbcdA aromid the point A by a 

small angle. The second cause alters the length of the sides in a 

constant ratio. The difference between the bearings DA and dA 

is the constant angle, while the ratio of the length of the old lines 

is the constant ratio. To find the bearings of the old line, thc^re- 

for(», each of the given bearings is to be corrected by the amount 

88° 20' minus 82° 47' = 0° 39'. To find the h^ngth of the old 

17.22 
line each of the given lengths is to bt^ niultiplie<l by ,. ,=^ = 0.99(). 

Suppose now that the work of computation has bcnm dont* 
with such precision that the error in chaining must be regarded as 
lying in the old survey. Applying thi»se results, we find the 
adju8t(^d bearings and lengths of the old line to be, 

AJ =- N 60° 39' E 9.96 chains. 

i,r = N 45° 29' E 3.99 chains. 

cd --^ S 44° 21' E 7.97 chains. 
With the new data tli(^ line may be rerun and the comers h and c 
locattnl, a ch(»ck on the field work b<Mng that tlu^ lost line should 
end exactly at d. 

It is, how(»ver, not difficult to comi)ute the IcMigth and b(»arings 
of B h and C (\ so that h and c may be located from the points 
B and C. 
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The princiiJo for doing this is that the ix)lygoiis A B (5 D A 
and A h c d A an* similar; thus i\\vt triangles A B /; and A D <^ are 
similar; hence the* length B h is 

B h -3: D cl -4^^- -- ^-it ocT^ - IIH links. 

Al^ *he angle AB h ^^- the angle A D ff or 70'' 47' ; ht^nce the 
bearing of B J is S 10° 47' E. 

In like manner, the triangle A B J being similar to A D r/, the 
length and bewaring of A D are first computed. The distance C r is 
lf).4 links, and its bearing is S 15° 03' E. The linens B h and C c' 
an^ now run from B and C, and thus the most probable location of 
the old comers h and c is determined 

EXAMPLE FOR PRACTICE. 

The records of an old survey read as follows: 

"Commencing at a ix)int marked No. 5 and running N 62° E 
14 chains to a stake marked A, thence running N 43^° E 800 
chains to a stake marked B, thence N. 5° W. 12.(X) chains to a 
stake C, thence N 72^° E. 10.25 chains to a stake D, thence S 
12° W 0.48 chains to a stake marked No. 8. On running the 
lines, the end of the last ont», instead of being at a stone marked 
No. 3, was 0.62 chains due E from it." Find the adjusted bearings 
and lengths of the old lines; also find the distance and din etion 
from each station of th(» new survey, and the corresponding comer 
of t! old. 

Ans. N 78° 0(r W 26 links for A ; S 74° 35 ' W 56 links for C. 

DIVISION OF LAND. 

The first problem to ha considered is that of dividing a field 
into two given parts by a line starting from a givcni xx)int. For 
example, let it Ix^ requirtnl to (b-aw from tlu^ xx^int D, Fig. f)7, a 
line* D P in such a position that the area of B <* D P shall be 5 
acres or 217,800* square feet. 

The solution of the problem involves the finding of the dis- 
tance from A to P or B to P, and of the Ic^ngth of the azimuth of 
the dividing lint* D P. Let a line bt* drawn from D to the conic^r 
A, and 8upix)se that tht» an»a A B r D A can he. found. Then the 
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area of the triangle A P D is known, as this is equal to AIR c DA 
minus 5 acres. The longitude V/ D of the ix)int D is also known; 
hence the length of A P is 

A P = 2 acres of A P D A divided by d D; then P B = A B 
— A P. The length and azimuth of D P are finally computed 
from the right angled triangle rf D P. To perform the computation 

for finding the area of A B r; DA, 
the adjusted latitude and longitude 
departures of the courses from 
lE A to D are to be taken. The 
latitude and longitude d(*i)artures of 
the course D A is then found from 
the principle that the sum of the 
northings equals the siim of the 
southings; and tlie longitude di^jyfirt- 
ure of D A is supplied in likc^ 
manner. Comi)leting i\wn the* com- 
putation, the an^a of A B r D A is 
found to bii 286,688.7 squan* feet 
The area of the triangle A D P is this quantity minus 217,800 
square fe(»t; and the distance A P is 




Fig. 67. 



_ 2x68,888.7 ^^,«^, 
A P ^ ^.^^ 3^. — r-^ 224.26 feet 

wh(»nce P B is 575.68 feet; and hence tlie ix^int P can now be 
lo(»at(Hl from A or B. 

Tli(* azimuth of P D is determintMl thus: 



Tangent rfT? D = -^ 



614.86 



" .»* 



575.()8 + 249.1^8 8,452 



from which angle ^ P D is found to be 39" 39' 26\ which is the 
azimuth of P D. Therefore the length of P D is 

P D =- -^ = 962.65 f(H^t; 

and then the field is dividtnl by the lint* P I) so that the area of 
B r D P is 5 acres. 
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EXAMPLE FOR PRACTICE. 

Divide the field in the above diagram into two parts by an 
assum(»d line Q P' pirallel to P D so that the azimuth shall be 
45° and the area Q B c? D P' Q shall be 5 acres. 



THE TRUE MERIDIAN. 

In order to ascertain the tnie meridian of a given jJace, 
several nu^thods may be pursued. The general practice is to use 
the star Polaris at culmination or elongation. This star is on the 
meridian, nearly, when a plumb line covers it and the star Zeta, 
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Fig. 68. 

the next to the end of the handle, of "The Dipper." See Fig. 68. 

When Polaris is on the meridian, as illustrated in this 

instance, rt is said to be at "culmination." This star is often 
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refernnl to as the north or pole star. It is about 1J° from the 
ix)le, and revolves around the pole once every 23 hours and 56 
minutes. Thus it is apparent that it conu^s on the true nu^idian 
twice each day. The arrows in the figure indicate the din^ction of 
the rotation. 

To Determine the True Meridian by the Compass. With 
Polaris at EaHtern. or WvHtern Elongation, To determine the 
true meridian by means of the compass, take a plumb-line, and 
attach one end of the line to any suitable support situatcni as far 
above the ground as practicable, so as to have a clear field of view 
about 20 feet away. A board nailed on a telegraph pole, tree, or 
]X)st at right angles, will sufiice for this purix>se. Tlie plumb-bob 
may bc^ of any suitable material, of about 5 lbs. in wt^ght, as a brick, 
stoiu», iron ring, or coupling. It will serve thei same purix)se, with 
as accurate results, as the most highly polishtKl or carefully manu- 
factured plumb-bob. The x)lumb-line should be about 25 feet in 
length, dei^x?nding uix)n the latitude of tlie x^lacis since the altitude 
of the xx)l(* above the horizon at any x^lax^e is equal to the latitude 
of that i)lace. 

Illuminate the i)lumb-line just below its support by means of 
a bull's-eye lantern, lamj), or candle, care . Ixung taki'n not to 
obliterate the line from the vii'w of the* observer. Tht» bi^st way is 
to scHHMi th(» light, and throw the light on the plumb-line by 
means of a refle(*tor. 

Next unfasten one of the uprights of the compass, and i^hice it 
on a horizontal rest at some convenient i)oiut south of the plumb- 
line, say 30 f(H't in an east or west din^ction, and in such a 
lX)sition that when vi(»wed througli the ix'ep-sight, Polaris will 
apixMr alxmt two feet below tht* sni)ix)rt.of tlie x>biiiib-line. It is 
customary to determine this ^x^sition by trial the night before 
the obs(»rvation. 

About 25 minutes bi'fore the time of elongation, as j^xt table 
on page 130, bring the x^^'^'P-sigl^t into the same line of sight with 
the x^lumb-line and tin* star Polaris. Bi'fore reaching elongation, 
th(» star will move away from the i)lumb-lini', to the east for eastern 
elongation, and to the west for western elongation. Hence, by 
moving the i_x'cp-siglit in the projx'r direction that is, east or 
west, the star can 1h' k('i)t on the plumb-line until it- apjx'ars to 
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remain stiitionary, thus indicating that it has reached its point of 
elongation. The peep-sight will now be secured in place by a 
clamp or weight, with its exact position marked on the rest. Now 
defer all further operations until the next day. 

The next morning place a slender flag or ranging pole at a 
distance of 200 or 300 feet from the peep-sight, and exactly in line 
with the plumb-line. Next carefully measure this distance, and 
take from the table (page 130) the azimuth of Polaris, corresponding 
to the latitude of the station of observation; find the natural 
tangent of this azimuth, and multiply it by the measured distance 
from the p(»ep-sight to the rod. The product will express thc^ 
distance to b(i laid oif from the rod, exactly at right angles to tlie 
direction already determined — that is, to the west for eastern 
elongation, and to the east for western elongation; and this point 
with the peep-sight, will define the direction of the meridian with 
sufiicient accuracy for the needs of local surveyors. 

The position of the pole star may be found by means of the 
two stars )8 and a in the bowl of the *'The Dipper" (Pig. 68), which 
are called the "i3ointers" because of their pointing approximately 
to the xx)le star. 

THE TRANSIT. 

Construction. The transit is used for measuring horizontal 
and vertical angles directly, and for measuring bearings indirectly. 
It consists of a telescope mounted in standards attached to a dividcnl 
horizontal plate, the telescope serving to d(*fiiie accurately the line 
of sight; while the horizontal plate, divided into degrees, minutes, 
and twenty or thirty seconds of arc, makes it possible to measure 
small horizontal angles. Tlie instrument is providt^d with a three- 
or four-screw levelling hnsi\ by means of which it is attachcnl to 
the trijxxl. 

The telescope is similar in construction to that of the Wye 
level, but is shorter and of less magnifying power, a x)ower of from 
2-4 to 20 diameters bc»ing about the avcTfige for the ordinary transit. 
Tlie t\vi»-piece may ho either inverting or enacting, but the* fonnt»r 
is to 1k» preferred. 

Since i]w princii)al function of the transit is to secure align- 
ment, th(i telescojx' must be cajmble of movement in a vertical 



98 PLANE SURVEYING 



plane, and to that tnul is supix)rted in tho standards by a transverse 
axis, x^ermitting the telescopt* to be "transited," that is. turned 
through a complete vertical circle. 

For measuring horizontal angles the instrument is arranged 
with an nx^^x^r and a lower motion, sometimes called the upi^er and 
the lower '*limb." The 1ow(T limb is siipix)rted by the leveling 
base by mc^ans of a liollow conical axis; and into it is fittini, in turn, 
th(» conical axis of the ux3i)er limb. Each limb may be turned 
inde^x^ndently of tlie other, or they may be clamptnl together and 
to the leveling base. Tlie lower limb carries the divided circle 
and the upix'r limb the vernier. For ordinary x^^i^poses the 
circle is divided to one-half degrees, and reads to single minutes 
by means of tlu^ vernier. It may also be divided so as to read 
to 20 or 80 s(K*onds, and occasionally to 10 seconds. The divisions 
of the circle*, however, should not be so crowded as to rend(*r the. 
residing difficult, and the graduations should be i)roix?rly adjusted 
to the magnifying iK)wer of the telescoix3. 

The verniei-s may be set at right angles to, or parallel w^ith the 
line of sight, or at JW^ thereto. With the verniers parallel with 
tlu^ line of sight— that is to say, directly under the telescope — or 
making an angle of 30° with the line of sight, the observer 
can r(*ad tlu^ angles without moving from his position, thereby 
avoiding the risk of disturbing the instrument by walking aroimd 
it. See Fig. f)9. 

For leveling the instrument, there are provided two level 
tubes set at right angles to each other. These are shown in the 
figure. One of them is attached to the upix?r plate, while the other 
may be attach(»d tnther to the upx)er x)late or to one of the standards. 
On account of hu'k of sx)ace these level tubes are quite short. 

The four-scr(»w hoveling base may consist of two x>iirallel plates 
connected to each other by a one-half ball and socket joint, 
or tlu* upxK^r x>hite may be replaced by a ribbed casting. The 
four leveling screws rest in cux^s uxxdu the low^r x^^^^^ ^^^^ 
extend through the ux^x^^r x^late or casting. The leveling base 
is attached to the instrument prox)er, and the whole is attached 
to the trixxxl by S(*rewing to a casting firmly attached to the 
legs. Tlu» vertical axis is furnished with a hook, to which may 
be attached a plumb-line for the accurate centering of tin* instru- 
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mciit, A s)iiftiiig renter is also provided, by means of which, aftter 
tht' instruiueut has been approximately centered ovt-r a stake, it 
may K- accurati'ly adjusted by loosening the leveliug screws and 
shifting tht^ instrumont upon the lower leveliug base. See Fig. 159. 




Fig. 6». 

The three-screw leveling biise is necessarily larger and differs 
in iletfiil from the fotir-scrcw. The upjx^r phite carrying the screws 
is ix.'rmaneiitly attach*^ to tlu! iiistrumeut; and the lower ends of 
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the scri'wa rest upoa the tripod casting, to wliich it i« attaclu'il Ivy 
a siiififh^ PC'iitor sorcw fittud with a strong spinil spring that cngiigcs 
uiK>n a thrcud cut upon the vertical axis of the instrument. Si-e 
Fig. 72. 




mm. 



Pig. 70. 

Thi- fi HI r- screw Ijiusi^ iron line nils itsi-lf fntiii tlii' fwt that it can 
quickly bi.' Icvrlfd approsimafcly; and, no injittiT ]niw nmch tin; 
thri'ads art' worn, the instrument can be bronfflit tit a solid bearing. 
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Thii three-screw base, however, is more easily manipulated, and all 
djiuger of Itindiiig the screws and springing the plates is obviattd. 
Whichever type of isBtmnient is preferred, the screws should work 




Fig. 71. 

smoothly and evenly, and the pit<ili should be juljustid to the 
si'usitivfiK-ss of the bubbles. 

Most transits are litti'd with n eoiiii«iss set in the upin-r plate 
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Fig. 72. 
between the staudfinls; but for oily work, trifintiultitioii, do., the 
eouilxiKS is ilispfiiBctl with. 
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For nioasuring vertical angles, the transit is fitted with n 
vHrtiojil arc or circle divided nsually to one-half dcgre^-s, and 




Pig. 73. 
readinfj to single minuti>3 by the vernier. A level tube may nleo be 
attiirtliwl to the under side of the teleacopi'; and when this is 
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provided the transit may be ustnl as a leveling instrument. 
A striding level resting nix)n the standards may also be provided, 
by means of which the instrument can be more accurately leveled 
than by the short levels upon the upjper limb. See Fig. 70. 

The telescoi)e should always be XDrovided with stadia wires, 
either fixed or adjustable, though the former are preferable. See 
article on "Stadia." 

The gradienter screw is a device attached to the clamp of the 
telescope, by means of which grades can be established, and 
horizontal distances, vertical angles, and differences of level c<an be 
measured with great rapidity. See article on "Gradienter'' in 
Part III. 

Surveyor's Transit. This instrument is the plain transit, 
capable usually of measuring horizontal angles only, but occasion- 
ally fitted with a vertical circle or arc for measuring vertical angles. 
See Fig. 69. 

En^^ineer's Transit. When the instrument is provided with a 
vertical circle or arc, a level underneath the telescope, with or 
without gradienter screw, it is called the engineer's transit'. See 

Fig. 70. 

Tachy meter. This term, meaning rapid measurer^ has of 

recent years been applied to an instrument having a level attached 

to the telesco]pe, a vertical arc or circle, and stadia wires. Such 

an instrument is adai^ted to the rapid location of points in a 

survey, since it is capable of measuring the three co-ordinates of a 

point in space, /. 6*., the angular co-ordinates of altitude and 

azimuth, and the radius- vector or distance. The compass and 

gradienter are auxiliaries in the measurement of angles; and an 

instrument having them in addition to the essential features 

mcnitioned above, is more pc^rfectly adapted for tachymetric work. 

See Fig. 71. 

Theodolite. This term is applied to an instrument so con- 
structed that the telescope will not transit, but, in ord(»r to take 
backward sights, the telescope must be lifted out of its supix)rts 
and turned end for end. See Fig. 73. 

Transit-Theodolite. Tliis name is applied to an instrument 
in which the telescojK^ not only can be transited, but also lifted 
out of its supports and turned (*nd for end. S(h» Fig. 72. 
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Adjustment, Whoii useil merely as an angle-measurer, the 
following adjustments should be tested and, if necessary, corrected: 

1st. To ascertain If the huhhle tubes are perpend ieul a v to the 
vertical a.vls of the Instrument. 

To t(»st, attach the instrument to the triixxl and **set up" firmly 
on solid ground, preferably shaded from sun and wind. Revolve 
the transit upon its vertical axis so as to bring the bubble tulx^s 
l)arallel to a j^air of diagonally opposite leveling screws. Bring tlu* 
bubble of one of the tubt^s to the center by means of these screws. 
Do the same with the second bubble tube. Adjusting the second 
tube will throw the first one out, but rejx^at the alternate operations 
until each bubble stands in the center of its tube. Now revolve 
the instrument uix)n its vertical axis through 180°, and note if the 
bubble of each tube still stands in the center. If so, the tub(»s are 
in adjustment. 

If the bubble of either tube runs to one end, bring it half-way 
back to the center by raising the opjxDsite end of the tube by means 
of the capstan-headed screw. Relevel the instrument by the 
leveling screws, and again test the tubes. Rt*ix»at the operation, 
until the bubbles stand in the centers of the tubers in all jxisitions of 
the instnunent. It is advisable to carry out this adjustment as 
pr(*ci.sely as possible, as it will facilitate the* remaining adjustments. 
If after several trials, it is found imix)ssible to adjust the bubbles 
to the centers of the tubes, either the vertical axis is bent or the plates 
are sprung, and the instrument should be sent to the maker for 
correction. If one tube adjusts and the other doc^s not. the fault is 
in the tub(% and a new on(^ should be ordered. 

2d. To make the line of colli mat ion rerolve in a plane ^ or^ 
in other icords^ to make the line of colli mat ion perpendicular to 
the horizontal axis of the telescope* 

To test, having made the first adjustment, level the instrument 
carefully and clamp the upix^r limb. Drive* a stake into th(» ground 
ab<5ut 1^00 feet ahead of the instrument, and drive a tack in the 
head of the stake. By means of the lower motion revolve the 
instrument on its vertical axis until the inters(*ction of the cross- 
hairs approximately covers the tack. Now clamj) the lower motion, 
and carefully adjust the line of sight uiK)n tht» tack by nutans of 
the lower tang(»nt screw. Without disturbing (»ith(*r the up^xir 
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or the lower limb, transit the k^lescoi^e, that is, revolve it vertically, 
and sight to a tack in the head of a stakt^ driven into the ground 
about 300 feet behind the instrument. Carefully adjust th(» tack 
to the intersection of the cross-hairs. Now unchinip the low(»r 
motion, and revolve the instrument upon its vertical axis until the 
intersection of the cross-hairs again covers the t<ick in the first 
stake. Clamp the lower motion, adjust the line of sight carefully 
by means of the tangent screw, again transit the teh^scope, and 
sight in the direction of the second stake. If the intersection 
of the cross-hairs falls \i\)on the tack in the second stake, the line 
of coUimation is in adjustment. If it do(*s not, it will have to 
be adjusttxl. 

In Fig. 74, A is the jDosition of th(» instrument, and B is the 
forward stake. If the instrument is in adjustment, the line of 
sight after transiting tlu^ t(4escoi3e and revolving upon the vertical 
axis should strike the point B'. If th(^ instnmient is not in 



Fig. 74. 

adjustment, the line of sight after transiting the tiilescope will 
in the first instance strike some ix)int as C. Driven a stake at tliis 
point and carefully center a tack. After n»volving the instnnnent 
upon its vertical axis and again transiting the telesco^XN the line 
of sight will fall at a point C ' as far on one side of B ' as C was 
on the other. Drive a stake at C ' and carefully center it. Carefully 
measure the distance CC; and center a stake at B', half-way 
betwtK^n the two points. Now, by means of the capstan-headend 
screws attached to the diaphragm carrying the cross-hairs, move the 
cross-hairs until their intersection covers the point B", midway 
between B' and C\ Now re^x^at the o^x^ration of testing the 
adjustment and correcting the ix)sition of tlu^ line of collimation, 
luitil the points B and B ' are in the same straight \\\\i\ 

It is n(*c(»ssary only that th(i line of collimation shall be 
accurately in adjustment; but for convenience in using the transit 
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as an aiigU'-iiKuisurer it is desirable that the vt»rtioal cross-hair be 
at right aiigh^s to th(^ horizontal axis of the telesoop* \vh(»ii the 
iiistniment is l(^v(4. 

To test this, set up the instrument at some convenitMit ix)int, 
200 or 300 feet from a wall, tree, or otlier convenient object, upon 
which a ix)int is clearly defined by a tack or other^vise. Carefully 
level the instrument, and cover this point accurately with the lower 
extremity of the vertical hair. Clami) the horizontal axis of the 
telescope; and by means of the tangent-screw slowly move tlu^ 
telesco^x* in a vertical plane, and note if the hair continues to cover 
the xx)int from one extremity to the other. If it dot*s, tlie hair is in 
its proi)er position. If not, loosen the diaphragm screws and turn the 
diaphragm vertically until the hair covers th(» point from end to 
end. This adjustment will disturb the last one and tlie two must 
be tested and corrected alternately until in perfect adjustment. 

If the transit is to be used for leveling, it is nect^ssarj' that the 
horizontal cross-hair be in the optical center of the obji^ct glass. 

To t(»st, set the instrimient up firmly 2(X) or 3(X) f(H*t from a 
wall, tree, or other convenit»nt object, and, aft(»r h'veling, can^fully 
center the int(»rsection of thtj cross-hairs \x\}o\\ a well-defined xx)int. 
Clamp the axis of the t(»l(»scoiK*, turn the instrunu^nt ui)on its 
vertical axis through 1H()'\ and carefully center a i)oint upon 
the intersection of the cross-hairs in this new ix)sition. Clamp the 
vertical axis, unclamp the telescoxxi axis, transit thi*. teh^scope, and 
cari^fully center the intersection of the cross-hairs u\k)\\ tlu» first 
ix)int. Now clamp the telescojxN loosen the vertical axis, and again 
revolve the instrument through 180°. If th(» line of coUimation 
again strikes the second ix)int, the horizontal cross-hair is in 
adjustment. If not, carefully center this t^ird jwint, bisect the 
distance between the second and third ix)ints, and move the cross- 
hair diaphragm until the intersection of the cross-hairs covers 
this fourth point. This adjustment will disturb the last two, and 
the thr(*e must be repeated in succession until accurately adjusted. 

3d. To make the hovlzontal a^ns of the telearope perpendlr- 
nlar to the certieal a,vls of the uiHtnnnent. 

To ti'st, S(»t up the instrument as (explained for the hist adjust- 
ment, and, after leveling, center can^fully a jx)int at each extn»mity 
of th(» horizontal cross-hair. Turn the instrumi^nt uix)n its vertical 
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axis and transit the tt»lescope, bringing one extremity of the 
horizontal cross-hair \\ix)n one of the points previously established. 
If the other extremity coincides with the second ix)int, the axis of 
the telescope is in adjustment. 

If the axis is out of adjustment, the method of procedure^ is 
Ix^st illustratcnl by Fig. 75. 

A A ' is the line covennl between the extremities of the hori- 
zontal wire or hair whcni the axis of the* t(»lescoix» is in adjustment. 
If it is not in mljustment, the wire will in the first ix^sition of the 



Fig. 75. 

telescope cover the line A B, and in the second position the line 
A B ' . Therefore bisect the distance B B ' , and raise or lower tlie 
jidjustable end of the telescope axis until the wire covers A A'. 
Now rept»at the test, and the corn*ction if necessary. 

4th. To make the a.ris of the telescope huhhie tube parallel to 
the lute ofcolUmation of the telescope. 

This adjustment should be testcnl and corrected by the " pt*g " 
method as follows: Select a piece of comparatively lev(4 ground, 
drive a stake, "set up" the transit over it, and carefully level by 

^ — 2<^-»| 



♦— — ■ 



150'- 



150' 



Fig. 70. 



th(^ plate levels. Next driv(5 two stakes into the ground, one in 
front of the transit and the other at the same distance bt^hind it. 
In Fig. 76, C is the x^sition of the transit, and A and B are two 
stakes, each 150 feet from C. D is a fourth stake behind B and in 
line with it from C. The transit being leveled by the plate levels, 
bring the bubble of the telescope tulx* to the center of the tube, by 
means of thc^ tangent-scrc^w attached to the horizontal axis of the 
telescoix*. Hold a 1(*V(4 rod upon A, adjust the target to the 
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horizontal cross-hair, and note the reading. Unclamp the lower 
motion, turn the transit upon its vertical axis, and note the reading 
of a rod held upon B. The difference of the readings of the rod 
held upon the two points will give the true diff(»reuoe of level, no 
matter how much the telescope level may be out of adjustment. 

Now take up the transit and remove it to the point D. 
Carefully level the transit by the plate levels, and again bring the 
bubble of the telescope tube to its center. Hold the rod upon the 
point B and note its reading. Do the same at the jx^int A, and 
tiik(» th(i difference of the two remliugs. If the tt^h^sco^^e level is 
in adjustment, this difference} will be the sauu^ as found wlieu tlie 
instrument was over the point C Otherwise tht^ tubi^ is out of 
adjustment and will be corrected as follows: 

Let X represent the difference of levi4 of A and T^ wIumi the 
transit is at C. 

Let y n^present the difference) of l(»vel of A and B when t\m 
transit is at D. 

Let 2 Represent the difference betwt^en x and y. 

If y is greater than x, subtract z from th(^ rod reading upon A 
for thti transit at D, and set the target at this new nuiding. Re- 
volve the telescopti upon its horizontal axis, by means of the 
tiingent-screw, until the horizontal wire accurately bisects the target. 
Now clamp the telescope axis, and bring the bubble to tlie center 
of the tubi^ by means of the cii^^stan-headed screw at one end 
of the tube. Again hold the rod uiK)n B, and then uxxjn A, and 
take the differen(*e of their readings. If th's difference now agrees 
with the true difference of elevation of the two jx^ints, the adjust- 
ment is complete. Repeat the operation as often as may b(» 
necessary. 

\i yvs> less than .r, add z to the rod reading upon A for thi^ 
transit at D, and set the targ(»t at this new Heading. Bisect the 
target by the horizontal cross-hair jis be^fore, clamp the horizontal 
axis, and bring the bubble to the center of the tube. Test and 
repeat as described before. 

Some transits are provided with an adjustable vernier to the 
vertical circle or arc, which should read 0° wluui the tt^h^scoj^x* is 
horizontal. The former adjustment having been comph^tcnl, the 
vernier can then be readily fixed in x>lace. 
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Tilt* cross-hair intersection should be in tlie center of the field 
ot vision of the ey('-i)ioco, and this ailjustmeiit may be made by 
means of the capstan-head screws attachtKl to the eye-piec(i tube. 

To "set up" the transit. Lift the instrmnent out of the 
box by placing the hands underneath the jJates. Avoid lifting it 
by the telescoi)e or the standards. In attaching it to the triix)d he 
careful that the threads engage propc^rly, and screw it down firmly. 
Examine tlie triixxi legs, and see that they are properly attachtKl 
to the tripod lu^ad, n(»ither too tight nor too loose. See that the 
tripod shocks are tight, and, before taking up the instrument, 
lightly clamp all the movable parts to prevent unnecessary wear 
and straining. Carry the instrument in the most convenient way, 
taking care not to hit it against trees, lamp-posts, doors, etc. 

To center the transit over a stake, rest one leg of the triixxi 
upon the groiuid, cind, grasping the oth(*r legs, pull the instrument 
in the i)roix»r direction to cover the stake. Now attach the plumb- 
line, and aftt*r bringing it to rest as close to the top of the stake 
as ix)ssible, note if the 2)oint is din»ctly over the ix)int in the 
stake. If it is not too far off the center, it may b(* brought 
closer by forcing the opposite leg into the gromid or by a further 
spreading of the lt»gR. After the instrument has bci'U api)roxi- 
mately centered, it may be accurat(4y adjust(Kl by nutans of the 
shifting head. The oix^ation of "slotting u^j" is difficult of 
d(\scrli)tion, and facility can he attained only by imictice. Avoid 
having the plat(»s too much out of li»vt»l, as this will n^sult in 
unnecessary straining of the leveling scr(»ws and plates. 

Having centerwl the instrument over the stak(», Itnd it up by 
the lt*v(*ls uix)n the horizontal phite. To do this, turn tlu* 
instrument u|x)n its vertical axis until the bubble tub(»s an* 
X)arallel to a pair of diagonally opix)site plate-sen* ws. Now, as 
you stand facing the instrimient, grasp the screws bi»tw(M*n th(» 
thumb and forefinger, and turn the thumb of the lett hand in th(» 
direction the bubble must move. Turn both thumbs in, or both 
thumbs out. Adjusting one tube will disturb the other, but adjust 
each alt(»rnately until the bubble of each n^mains in the c(vnter. 

To measure a horizontal an^^le by means of the transit. 
Set ui) th(» transit ov(t the point C, Fig. 77. Set the verniers 
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to read 0°, aud clamp the upper limb. Now revolve the transit 
upon its vertical tixis by the lower motion, and sight to A. Clamp 
the lower motion, and accurately adjust the intersection of the 

^ cross-hairs to the jxiint by menus of the 
lower tangent-screw. Now unclamp the upper 
limb, and Ixini it uix)n its upj^x»r vertical 
axis to the iK)int B. Clamp the? ui)1XT limb 
and adjust the line of sight by thii upj^KT 
^'&- ^"' tangent-rScrew. The angle will now be foimd 

recorded uix)n tlui horizontal circle. If it beconu»s necessary to 
n^ix^at tlie angle*, loosen the lower motion, and, without disturbing 
the upper plat(% turn the instrument back to the xx)int A. Next 
clamp the Iowit motion, loosen the up^xT, and turn the telescope 
to till* ix)int B. The sum of the two mc^asured angles will now b(^ 
found Recorded uix)n the horizontal circle*. Ke^K^at as oft(*n as 
necessary, and divide the total horizontal angh* by the numlx»r of 
Repetitions for the probabU* value of the angle ABC. 

The oix»ration of laying off a certain angle is ess(»ntially the 
same as tlu^ precinling, i»xcept that after the point A has been 
centered and the requirtnl angle laid off uix)n th(i horizontal circle, 
the* tack in the stake B must be moved back and forth until it is 
accurat(*ly centered at the intc^rsection of the cross-hairs. 

To survey a series of lines by means of the transit. "Set up" 
the transit over the point A, Fig. 78, and make the verniers read 
O'^. Have the north end of the plate ahead ^ that is, in the 
direction of the survi^y. If a true meridian line has previously been 
laid out, the declination of the^ 
n( 'edle may be determ ined from it. 
Without disturbing the upper 
plat(e, turn the transit uix)n its 
lower motion, and ci^ntiT uix)n B. 
Let the necnlle down M\yoii its 
pivot, and as soon as it lias come 
to rest take the bearing of the line ^^^' ^^' 

AB. To measure tlui length of the lines hold one* end of the tape or 
cliain directly undcT the \yo\\\i of the plumb-bob, and send the head 
man in the din^ction of B. As \w Reaches the end of his ta^x*, 
place liim accurately in line by the vertical hair. For this purpose 
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the telescope should be turned in a vertical plane to bring the 
intersection as closely as possible to the top of the stake. Now 
repeat this operation until the point B is reached. Move the 
transit to the jx^int B, and set it up as before with the north end of 
the plate ahead. Transit the telescope, and examine the verniers 
to see if they read 0°. By means of the lower motion, center upon 
x\, lower the needli*, and take the bearing. Now clamp the lower 
motion, transit the telesco^x*, and revolve the upix»r plate so the 
telescoix^ ix)ints to C. Read the angle, which is that between A B 
produced and B C. Also read tlie bearing from the compass. Now 
measure B C as exi)lain(Hl before, take up the instmnu^nt, and sc*t 
it up at the ix)int C. Continue thus until the series of lines have 
been surv'eyed. 

The angles measured are thosti indiaited by thc^ dotted lin(»s 
(Fig. 7S), and are cidled deflection angles. 

It is desirable in work of this character to ciilculate the Ixuiring 
or azimuth of a line from the deflection angle, and to check thc^ 
result by the comx>ass. Referring to the figure, the n^cords of the 
survey will be kept as follows, using the left-hand pige of the 
transit or field book and starting from the bottom of the page: 



STATION. 


DISTANCE. 


i)p:flection. 


COMPASS. 

S52 45' E 


DKDl'CKI) 


I.KFT. 

1 


RIGHT. 

52 0' 


KKAKIN(JS. 


7 - i)5 


275 


S52 .TO' E 


5 : :ft) 


265 


51" 0' 




N75 15' E 


X75 ;^' E 


2 J- JX) 


240 




31' 30' 


S5;r 45' E 


S5:i 30' E 





29() 






S85 E 





It is not absolutely necessary ni tiie metiiod described above, 
that the vernit^rs. should be set to read 0" before aligning the 
instrunuMit, x^rovidcnl that the vernic^rs are read befor(> turning off 
the angle. For instance, if the verniers read 40° 15' after the 
instnmient is set upov(T a stake, and after siglitinij; along a certain 
line, read 60^ 15', the angle b(*tween thi» two linens is the difference 
of the* Holding of tlu^ verni(TS, or 20°. 

As already explained under "the comx^ass," the direction of a 
line may be given by its azimuth. If azimuths are computed from 
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the north to the right through 360°, the azimutho for the preceding 
case will be as follows, as illustrated by the diagram: 

Since the bearing of the first line A B (Fig. 79), given by 
the comi)ass, is S 8»5** E, its azimuth will evidently be the difference 
bi^twecn 180° and 85°, or 95°. Since the second line B C 
deflects to the right by 31° 30', its azimuth will evidently bo thii 
Sinn of the angles 95° and 31° 30', or 12(5° 30'. Since the third 
line D deflects to* the l(»ft 51° 0', its azimuth will be the differ- 
ence of the angles 120° 30' and 51° 0', or 75° 30'. The fourth 
line D E deflects to tlie right 52° 0', and therefore its azimuth will 
Se the sum of the angles 75° 30' and 52° 0', = 127° 30'. 




Jf-58O0'c 



The same diagram may serve to illustrate the method of 
deducing the bearings of a series of lines from the deflection 
angles. Sincii tlie bi'aring of the first line as given by the compiss 
is S 85" E, and the second line deflects to the right 31° 30', it is 
evident that this s(^cond line decreases its easting by that amount, 
so that its bearing will b<' the difference bt^tween 85° and 31° 30', 
^ S 53° 30' E. Since the third course deflects to the left by 51° 
0', its blearing to tht? east will be increased by this amomit, but will 
pass into tlie northtuist quadrant by 14° 30', making its bearing 
90°— 14° 30', =- N 75° 30' E. The fourth course deflects to the 
right 52° ()', returning to the southeast quadrant by 37° 30', 
making its bearing 90'^ -37° 30', or S 52° 30' E. 
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Traversing. Tliis is a method of observing and recording the 
directions of a series of lines of a survey, so as to read off, iiix)r 
tlu» horizontal cirele, thi* angles that the lines make with some 
other line of tlu» survey, which may be either a true meridian or 
some line ado^^ted as a meridian for that survey. 

Before starting out ui>on a traverse, it is best to lay out upon 
the ground a true meridian, either from observations on Polaris or 
by means of the *'Solar transit," as will be explaimnl later on. This 
lino. should be 300 or 400 feet in length, clearly defined by stakes 
carefully centered, one of the stakes preferably being the first 
station of the survey. The transit can now be set over this stake, 
and the line of sight carefully centered upon the second stake by 
means of the lower motion, the verniers first having been S(»t to 
n»ad 0°. The subsequent operations can best be illustrated by a 
diairram. 







Pig. 80. 



First lay out a meridian through station 1 (Fig. 8>)), and 
define it by a stake driven 300 or 400 feet away towards N. Both 
of these staki^s should be carefully "witnessed," that tlu»y may be 
reeovennl lit any time. To begin the surv(^y, can^fully center the 
transit over station 1, witli vtTiiiers set to zero; turn the instrument 
uiK)n its lower motion until the line of sight approximately 
covers the stake at the north (Mid of the meridian, and can^fully 
(HMitcT it by ihi' lower tangent-sen^w; 1ow(t the compass nc^edle (i 
thcHi is one), and note and record the* magnetic declination. Next, 
with the lower motion securely clamj^XHl, imclamp th(^ upiK'r motion, 
and revolve the* upiH'r j)lat(^ in the direction of station 2. Clamp 
the upjxT motion, and carefully c(»nter the line of sight by the 
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upper tiiiigi'iit-sori^w. Note caiul record tiu^ angle upon the plate, 
which will be the azimuth of the line 1 2. M(»asure the distance 
from 1 to 2, and note and record the comimss bearing as a check. 

Now, with the uppiT motion securely clamped, nnnove the 
transit to station 2; and cari»fidly center it ovtT the stake with the 
north end of the plate ahead, that is, in the direction from 1 to 2. 
Transit the tt^lesco^x*, undamp the lower motion, and bring the 
line of sight to cover station 1. Carefully center it by the lower 
tangent-screw. Clamp the lower motion, transit the telescojDe, 
unclamp the upi^t^r motion, and revolve the upper plate mitil the 
line of sight falls ui)on station 3, carefully centering it by the 
upper tang(»nt-screw. Read and record the plate angle, which will 
be the azimuth of tlu^ line 2 3. Measure the distance from 2 to 3, 
and read the bewaring of the nivdle for a check. 

Now see that the uppcT plat(* is securely clamxx^d, move the 
instrument to stiition 3, and proctM'd as bc^fon^; and so on through- 
out the traverse. 

After moving the transit from one station to another, the 
horizontal cin^U* should be read, to see that the jjlati^s have not 
slipixxl as may occasionally hapix»n, jjarticularly wh(*n the clam^js 
are worn or when the instrument-man inadvt»rt(»ntly loosens the 
wrong screw. For this reason, if for no oth(»r, it would seem safer 
to set the verni(Ts at zero at each station, nuvisurc* the deflection 
angles, and cfilculatc^ t\w azimuths. 

In carrying out an extended travers(% it is desirable to lay out 
a true meridian from time to tinu*, to check thi» azimuths and the 
declination of tiu» needle. 

For city work, tlu* cMigineer should lay out a true meridian 300 
or 400 feet long, and mark tlie extremities of the line by xx?rma- 
nent monuments set in tlu» ground and c^irc^fully protected from 
disturbance. To do tliis, in some convt^nient place permitting an 
unobstructed line of sight, drivi* a large* stake*, and mark its center 
bv a hollow-In 'adcd tack. Center th(» transit carefullv over this 
ix)int, and proceed to lay out a true meridian, preferably with the 
solar attachment, ^lark thi^ direction of this lini* by a S(»cond 
stake* carefully centered by a tack as be^fore. Now, about 25 feet 
from the first stake, and in line with it and tlu* second stfike, 
excavate a hole in i\w ground about three feet in diameter and five 



ik; plane surveying 



feet deep, or deep enough to be below the frost line. Next build 
a foundation of concrete about two feet square and three feet deep. 
Before this has "set", insert in it a cut-stone post about nine inches 
square at its lower end and of such length that its top will come 
just below the surface of the ground, and having set into its toj) a 
oopj^x^r bolt about | inch by 4 inches. The post may bo centered 
in the concrete by means of the transit, and should be set "plumb". 

Now locate and build a second monument in line with the 
second stake and a few fe<?t from it. After the concrete has s(.'t 
firmly, again s(»t the transit carefully over the center of the first 
stake, and accurately align it by the tack in the second stake.- Now 
"iplunge" (reverse) the telescoj^x^ mid carefully center a point in the 
top of the copjx»r bolt; mark this point with a steel punch. In the 
same way center a xx)int in the top of the bolt of the second monu- 
ment. The monuments may be protected by enclosing them in cast- 
iron valve-box(»s with covers. Either one or both of these monuments 
may be used as "standard" bench-marks from which all the levels 
and grades may bt^ ascertained; For this j)^iri^se a city datum 
may be assumed, or better, the bi^nch-mark may be connected by a 
line of levels with a bench-mark of the U. S. Coast and Geodetic 
Survey, or, if such is not available, with a bimch-mark of the 
nearest railroad. 

The following article upon traversing describes a method of 
using the transit somewhat diflPerent in detail from the i)receding 
article. It oflPers a concrete (example, and illustrates the method of 
recording the notes of a surv^ey. 

TRAVERSING. 

The term " traversed," which was originally associated with 
navigation, is commonly used by surveyors to define a series of 
lines whose lengths and relative directions are known. Fig. 81 
shows a traverse T P R S W X. It is required to locate a point X 
from T, which cannot be done directly on account of dense mider- 
brush, woods, and other natural obstructions. Some other means 
must therefore be provided, which may be in the form of a series 
of short cords, as T P, P R, R S, S W, and W X. It sometimoK 
occurs that while there may be no obstruction between the [joints, 
the distance* from oni» i)oint to the other is of such a l(»ngth that 
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it is impossible to secure an accurate liiu^ of sight. Several 
points, therefore, must be establisluHl in order to reach the desired 
spring X. Traversing, as will be evident, is particularly applicable 
to the survey of long and circuitous routt^s through territory 
presenting natural obstructions to long sights. It is almost 
universally adopted in filling in the details of maps based on a 
system of triangulation. As exampl(?s of traversing, may be 
mentioned the survey of highways, railroads, river banks, shores 
of lakes, and property boundaries. 

In the United States government survey, when a traverse is 
run to mark the divisions between private estates and bodies of 
water retained as public property, it is called a meander line. 

The transit is particularly adapted to traversing, and is so set 

at each station that the azimuth 
of i^ach line can be directly read. 
If the survt^y is made in a 
locality where no system of latitude 
and longitude has been establishwl, 
the nitign(»tic meridian may be 
taken as the meridian of an azi-. 
muth. At the first station the 
vernier is set at zero; and by means 
of tli(» lower motion the instrument 
is turiunl so that ilw north end of 
the n(»edle ix)ints to tlie north on 
the compass limb. The lower plate 
being claniix^d, the upix»r one is 
unclamptHl. Now, if a sight be taken at any object, the reading 
on tlie vernier will be the azimuth corri»sx^i^^liiig to the bearing of 
tliat obj(vt. The last sight reading tiiken at the first station, is 
towards the si^cond station of the traverse line. 

The instrument is thc^n placed over the second station, and the 
vernier set at the back azimuth of the first station. The azimuth 
of any line from the second station will now correspond with its 
bearing as before. The readings of tlie nec^dle are regard(»d as a 
rough check on the azimuth, with which they should agree to the 
nearest eighth of a degree. For example, at station A (Fig. 81) 
let the bearing of AB be N 74^ 15' E, and let its azimuth be 74^ 
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15 ' . On placing the instniment at B, let the vernier be set at 
254° 15', a sight taken on A, and the lower plate clamped. The 
azimuth of BC will be 143° 02', the vernier being set at 323° 02' 
on arriving at C. The limb is placcKl in the projx^r position by 
sighting baf*k to B. The telescope is not reversi^d during any part of 
the work. At each of the stations, siglits may be taken to surroimd- 
ing objects; and if the distance to an object is measured, this, 
together with its azimuth, locates it with respect to the station. 
The fi(^ld notes are ke^^t as follows n^garding tli(* «bovc» stations: 







— 











— 


RRARINC. 




AZIMUTH. 


1 


DISTANCK. 


onjEcn^ 8I(;ht8. 


Station B 






■ 


' 






S 74*' 15' W 




254^ 


15' 






528.3 


Station A. 






325 
196 


42 
24 






250 


Larj?e pine tree. 
N. E. corner of 

John Do(»'« house. 






194 


10 








S. E. corner same hoii.se. 


S ,37^ 00' K 




143 


02 






490.7 

t 


Station V. 


Station C 
















N37M)5' W 




323 

280 

276 


02 
13 

15 






490.7 


Station B. 

N. E. corner John Doe's 

house. 
S. E. corner same house. 






104 


07 




98.5 


Fence corner. 


S 42" 45' V, 




135 


15 




504 . 6 


Station I). 
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i'^ 6 
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iN.a«- 


sa' w It!' ^B 




f*^ » 


5 

30 

owet 
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l 


\ \j- 


■lO -"^ 
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D 

BAPN 


J / 


\ 




Fig. 82. 

The field notes with offsets are taken from the traverse line, 
and are best kept as in Figs. 82 and 821, the blearing of a liiiii beting 
written upon one side of it, and the azimuth nix)n the othcT side. 
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Where no offsets are taken, the iSelcl notes are kept as above. The 

large pine tree is located by azimuth, and the distance at station 

B, as is also the fence comer at station C. The housi* of John D(x\ 

however, is locattKi by azi- 
muth taken from B and C, 
the line BC forming the 
base, from which its dis- 
tance from either end can 
be computed. WhcTc a 
traverse is nui, a check must 
always be employed so as 
to ascertain the accuracy 
of the work. In a clostnl 
traverse, such as one around 
the boundaries of a farm, 
this is easily obtained, since 
the sum of thc^ northings 
equals the sum of the south- 
ings, and the sum of the 
eastings equals the sum of 
Fig. S3, the westings. In Fig. 81, 

the travern^ C N S W X P G, which begins at C and ends at G, 

is chc»ck(Hl in the field on arriving at G, for the azimuth of FG must 

agree with tliat previously obtained: 

also in computation the differences 

of latitude and longitude between B 

and C must ecjual those derived from 

the main ix)lygon. It should be 

remarked that the object in taking 

th(* bearing is to check gross 

error in th(^ azimuth during the 

I^rogress of the work. If the true 

meridian has been established in the 

neighborhood of a survey, the azi- Fig. SI. 

muth should be taken from it instead of the magnet^'c meridian. 
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EXAMPLE FOR PRACTICE. 

Compute from the above notes the liaigth of the \V(»st side of 
John Doe's house Obtain the same n»sult without computations 
by plotting the distance. 



THE STADIA. 

Attached to the diaphragm carrying the horizontal and vertical 
hairs, are two auxiliary horizontal hairs call(*d "stadin" liairs or 
wires. These hairs may be either fixed in position or adjustable. 




Fig. 85. 

but the fixed hairs are the better for field use and cost much less. 
See Fig. 84. Any instrument-makiT will equip a l(»vel or a 
transit with either fixcnl or adjustable sbulia wires, and they sliould 
be included in every outfit. 

The stadia is used for measuring horizontal distances and 
differences of elevation, without the use of chain or taix^ or other 
apparatus except the leveling rod or a s^jecially graduated stadia 
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Fig. 8G. 

rod. It is basinl upon the principle of tlie similarity of triangles. 
Thus, if the stadia hairs are spaced so as to intercei^t on(^ foot u^xjn 
a rod held at a distance of one hundred feet, tlie rod intercept 
for any other distance will be in dirc^ct pro^jortion to the first. 
See Fig. 85. 
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Uufortunatcly the coiistmction of the telescope of au eiiginoer- 
iiig iiistninu^iit modifies the above simple statement, and a fomvulfi 
for the use of the stadia will now he deduced. 

Let O in Fig. 86 be the optical center of the object-glass of 
the telescoix*. This i>oint may be assumed at the center of the 
lens, and the error involved in such assumption is inai)preciable 
and may be neglected. 

Let SSi be a ix)rtion of the stadia rod covered by the stadia 
hairs CCi. From C and Ci draw the lines CSi and CiS through the 
optical c(mt(»r of the object-glass. Upon looking through the eye- 
piece of the telescope, C will be seen a'" at Si and Ci as at S. 




B 



Pig. 87. 



Call i tlie distance between the stadia hairs, s the intercept 
upon the rod,/'' the distance from O to tlie wires, and </ th(» 
distance of the rod from O. 

The triangles COCi and SOSi are similar, and tlierefore we have 
th(* j)rojK)rtion 

i: s :: /'' : a 



therefore d = - — . — • 



(>) 



■ But/'' varies with d. That is to say, if the rod were to be 
moved closer to the instrument, as at C2D, the lens would be moved 
farther from the win^s, or the wires from tlie li*ns, and in either 
(•as(» the wire interval would intercept a shorter s^xicc^ upon the rod, 

as SjSy. The ratio -' . — , or its e(iual , will th(*r(»for(^ varv 

for each x^osition of the rod. But however they vary, we hav(» from 
a well-known principle of optics: 
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l. + A=_l (2) 

in which y is the principal focal distance of the lens, and/*' and 
d are any pair of conjugate focal distances. Substituting the 

value of ,. -/ from (1) in (2), there results the equation 

d= { s+f. (3) 

Equation 3 gives the distance of the rod from the l(»ns. 
Wo can establish some very inqx)rtant relations: 
In Fig. 87 lay off OF' = OF = principal focal distance of 

lens =y. 

C and Ci being the stadia wires, draw C D and Ci E parallel to 

the axis of the lens, and through F' draw D Si and E S; then will 

S Si = the intercept upon the rod. 

The distance of the rod from the point F' is 

t f. 

From the similarity of the triangles EF'O, SF'B and SaF'B', we 
have: 

F'O : OE :: F'B : BS :: F'B' : B'S,. 
Therefore the points S, S-j, F', and E lie in the same straight 
line; and therefore, wherever the cross-hairs are situated, or, more 
strictly, whatever may be the position of the lens, the visual lines 
defincxl by the stadia wires will intercept the elements of th(5 cone 
of lightdefinwlbySF'Si. 

All distances must be measured from the center of the 

f 
instrimient; and therefore to the expression d ■—'. s -\-f must be 

added a quantity that will represent the distance from the center 
of the lens to the plumb-line. This quantity is variabh*, of course, 
but an average value is usually taken. Call this cpiantity r. The 
(quantity /'may be found by focusing the instrunu^nt on a star, and 
measuring the distance from the center of th(? lens to the cross- 
hairs. We can therefore di^ennine the quantity /'+ c. This, 
liowever, is usually supplied by the instrum(Mit-mak(*r, and with 
greater precision. 



PLANE SURVEYING I2S 

The complete equation, therefore, for any distance measured 
with the stadia, is: 

If, then, upon level ground we lay off the distance f -\- c in 
front of the plumb-line, drive a stake, measure from this stake a 

distance of 100 or 200 feet, or any other convenient distance, and 

f 
note the rod intercept, then in the formulae?' ^= , s, cV and s are 

measured, and we can determine the ratio . ; or, if f has becm 

previously determined, we can determine the value / or the distance 
between the cross-hairs. 

f 
The ratio -- being known, distances can be found from 

equation 4. It is usually most convenient to make this ratio 100, 
so that at a distance of 100 feet the wires will intercept one foot 
upon the rod. 

The rod may be (»ither an ordinary leveling rod, or a stadia 
rod divided specially for the telescoxx^ and wires. When the rod is 
specially graduated, it may be in either one of two ways. Eitlier 
it may be graduated so as to give the distanoii from F', in which 
case the quantity /"+ c will have to be added in each instance; 
or it may be* graduated to give distance's from tlio center directly. 

If the rod is to be graduated s^x^cially, i)roce(xl as follows: 

Carefully level the line of collimation of the telescope, and lay 
off from the plumb-line the distance /* + c. From the ix)int 
thus established measure off any convenient distance, as 5(X) feet, 
on a horizontal jJane. Set ui> the rod, not y(»t graduated, at this 
point, and hold it carefully perpt^idicuhir to the lini? of sight from 
the telescoi^e. This can best be done by means of a i)lumb-line. 
Be careful to eliminate all imrallactic motion of the wire»s on the 
rod, when the eye is movtnl up and down bc^fore the eye-piece. 

Mark on the rod very carefully the a i)i)a rent place of th(». lower 
wire. This should be about on(*-quarttT the length of the rod from 
one end if the horizontal distance first laid off is about one-half 
the gr(»atest distance for which the rcxl can be us(h1. TIuj middle 
wire will them be at about the middle of th(» rod, and th(» upi)er 
one at about one-quarter the hnigth of thti rod from the other end. 
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Mark the latter point carefully. The wire interval for a space of 
500 feet from F' has thus been found. One-fifth of this sx)ace will 
be the wire intercept at a distance of 100 feet; twice the space, 
the intercept for 1,000 feet; and so on. The intermediate spaces 
can thus be graduated. It must not be forgotten that in using 
the rod thus graduated, the quantity /* + <? must be addtxl to the 
distance indicated by the rod, to reduce the distance to the center 
of the instrument. 

If the rod is to be graduated to give distances from the center 
of the instrument directly, proceed as befon^, marking the spaces 
upon the rod corresponding to the distances nu^asured upon the 
ground. The quantity /" + <? will not now have to be add(»d 




FiV'. 88. 

to the distances given by the rod; but for every point other than 
that for which the rod is graduated, the distance will be in error 
by some fractional part of /'+ c. The reason for this will be 
api)ar(nit by ref(»rring to Fig. cS7. If tlie distance is less than 
that for which the rod was gnuluattnl, the rod readings will indicate 
too small a distance; and for a distance greater than the standard, 
the rod nvidings will indicate a distance too gn^at. It is therefore 
more exact to mark the wire int(^rval at 1(X) fcH't, 200 feet, and so on 
through tlu» length of the rod. Each spacer thus d(»termined can 
be divid(*(l uj) as desired; and the error involved in any reading 
will then be much snudh^ than if the rod were graduated for a 
single standard distance only. 
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Thus far the rod has been assumed as held jxirpendicular to 
the line of sight, which of course will always be the case when 
using the stadia in the leveling instrument. The stadia, however, 
finds its greatest usefulness in connection with the transit, when 
the line of sight is seldom horizontal. If, at the same time the 
rod intercept is read, the vertical angle is noted, differences of 
elevation may be determined, as well as the distances. 

A formula will now be deduced for reducing inclined readings 
to tlie horizontal, and for determining differences of elevation, the 
rod being held vertical. 

In Fig. 88, let the angle of inclination of the line of sight to 
the horizontal i^lane be called BCN = FBD = I. This angle 
will be measured ujxjn the vertical circle of the transit. If the 
rod be held jx^i^endicular to the line of sight, the intercept upon 
the rod = D E = »<r. Rei^resent the rod intercept when the rod is 
held vertical by « ' . Now since the angle F D B = 90° nearly, 

D E = F G cos I, or * =*' cos I. But G B = -( s + (f+ c) = 

V 

f 

-. s' cos I + (y + 6'). Therefore the horizontal distance to the rod 

= O B cos I -= '^.s' cos*-^ I + (/+ r) cos I = C N. The vertical 

distance of the \yomi B above the horizontal plane through the 

f 

axis of the telescoT)e = B N = C B sin I == - . « ' cos I sin I + 

^ 

(/+ 6') sin I = \ -•t.'*' sin 2 1 + (/+ c) sin I. 

For vertical angles less than 5° the quantity (/+ c) sin I is 
less than 0.1 (/' + c) and may be neglected. 

The Use of the Stadia in the Field. In using the stadia win^s 
in level country, no special instructions are necessary, as the line of 
sight is at all timi»s horizontal. Over very uneven ground, the 
us(^ of the level and stadia is very limited. However, there are 
oftc^n conditions in which the stadia wires in a leveling instrument 
are a very great convenience. The range of the instrument may 
sometimes b(* increased by using the center wire together with one 
of the stadia wires, but the instrument should bt^ can^fully tt^sted 
to ascertain if tlu» stadia win^s are eipially spared witli reference* to 
the middle wire. 
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For extended sunx'ys over uneven country, the transit and 
stadia are particularly adaptc<l, and especially for filling in details 
of an extended toix^raphical survey. The Siiviiig of time and 
expense are iniiK>rtiiiit elt'uients in favor of the transit and stadia 
as compared with the transit and ta^ie; and with u little practice 
and attention to details tho n^sults should be fully lis accurate. 
Certainly, when an cngiiit'er must dept^nd uix>u unskilled help to 
cArry the tajje, there can be no choice as to which to use. 

For use with the stadia, tlic transit should be provided with a 
complete vertical circle, reading to minutes at least; and a level 
tube should be attached to tlie telescope. The eye- piece should be 
inverting. Before starting out uiwn a snriey, the transit should 
be carefully tested and corrcctetl through all of its adjustments. 
The field oix>ratioiis an; then as follows: 

Si't np the instrument over a priucipjil statiou of the survey, 
and levil it carefiilly. If a solar attachment is available, it will be 
desirable to lay out a true meridian, from whicli the declination of 

the needle may be d('terniin<.'d. 

Now determine the height of the 
cross-hairs by holding the stadia 
roll close to the side of the 
instrument, and noting the height 
of the center of the horizontal 
axis of the telescope. Locate 
Fig. 89. the second stiition carefully, and 

turn the telesco^K! utjon the horizontal axis mitil the center wire 
cuts the division u(Kjn the rixl {held n^xin the ground) repn^sentiug 
the height of the axis of the instrument above thi' ground at the 
first station. Now determine the azimuth of the line connecting 
the two stations, rrad the vertical angle of the teIe8COi»e, and 
determine the vxl iTifercept. Enter these items in the field book 
and pi-oceed to take observations upon sub-stations (called "side- 
shots"). 

The same im>gnini is tn 1k' n'peated for each case, excj'i>t that 
ihe side-shots may or may not b»; taken ujwn jK>ints indirati-d by 
stakes. The ])rinciind stations of a stadia survey shonld be 
Ijennanent; tlie st;iki'>i shnuM be drivi-n, and "witnessc<l'' so as to 
be easily rccovi-red- 
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Having now located all the necessary jx^ints from the first 
station, remove the instrument to the second station, and set it up 
with the north end of the plate in the direction of the survey. 
Having carefully leveled the instrument, determine the height 
of its axis as lx»fore, and send the rod ba(*k to the first station. 
Transit the telescoj^e, and sight upon the rod as before. Eejul 
vertical angle and stiidia rod, and d(»termine azimuth, and these 
will serve to check the formcT d(»t(»rminations. 

In moving from on(^ station to another it is advisable to set 
the scale of tlie horizontal circle to zero. Transit the tt»lescopc* 
cigain and locate the nt^xt station; and so on throughout the survey. 

The i>rincipal stations of a stadia survi^y may have been 
located by a previous triangulation, in which case it will probably 
be necessary to locate intermediate stations as the surv(»y 
progress(»s. Or all of the stations may be locattnl during the 
progress of t\\e survey. The cours(»s connecting the principal 
stations form the "backbone" of the survey, and the azimutlis 
and distances should be checked at every opportunity. 

In keeping the fi(*ld notes, represent the principal stations by 
triangles, as /.\i A2 ^8, etc.; and the secondary stations by circles, 
as 01 ©a ©8, etc. 

Below will be found an examj^le of the nu'thod of kei^i^ing 
notes. Use the right-hand pag(^ for sketches, or for such additional 
notes as may be necessary. 
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Stadia Rods. Telemeter or st^ulia nxls an* nijuh* of clear white 
pine well seasoned, about I of an inch thick, from 4 to 4.^ inches 
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widu, iiiid froui 10 to Ifi fwt long. They aro yrotectctl by ii metal 
sluxi to kcfj) till- lower t-iid from being batterwl or split. Tlii; rod 
is stiffened by having a piere 2^ inches wide along its back. 
Generally a stadia rod is hinged at the center for greater coii- 
venieiic'e in transportation, and at the same time it is provided 
with a bolt on tht- back to protect the graduation and to hold it in 
[Kjsition when in use. 

A self-reading level rod may be used for distances if the wires 
are adjustable (see Figs. Hyand84», or if the wire interval htis 



Fig. 90. 



Fig. 92. 



Fig. 91. 
been determined in standard imits. The rods 
usi'd in connection witli th is grade of work differ 
from those employi-d in ordiiniry leveling. 
Those -A'itli graduations have the inni-r surface 
■essed to protect the graduated surface, and 
.■ painted white with the scale in black. Tlie 
forms of graduiition are differi'nt on different rtxls. In some, the 
unit of measure is the meter, while others have the foot, as will be 
di'scrilx'd later. Whcm telemeters are in use, they are o^R-n, laid 
Hat, and held securely in line by t)ie brass clip (or Iwit) above 
referri'd to. Tliey are sometimes proviilinl with a fiirget. 

In oixler to liave tlie ro,l held in a i)erre<-tly vertical iK>siti(m. 
a small lel.'scn|K' is sometimes atlaehed to its side, by meaijs of 
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which the rodmaii can t«;ll whether the rod is in a vertical plane. 

Figs. 90 and 93, D, show two types of graduations suitable 
where the meter is the unit. Fig. 93, D, has for many years been 
used by the United States Coast and Geodetic Survt^y as well as 
by the United States Lake Survey. The angles of graduation divide 
the rod into two centimeter intervals. Fig. 90 shows the rod uschI 
on the survey of the Mexican border. The graduation is apparent, 
and no further explanation need here be given. 

Figs. 92 and 93, C, are types suitable where the foot is the unit. 
In Fig. 92 the width comprised between the ends of the ix)ints divide 
into five equal parts, the vertical black lines taking up two of th(?st^ 
diflFerences. The diagonal then gives one hundredth of a foot, and 
permits readings direct to single feet. Fig. 91 shows a plain 
rod without scale*, and the unit is the foot. Classes A, B, C, D and 
E, Fig. 93, belong to the respective surveys as indicated. 
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TIME OF ELONGATION AND CULMINATION OP POLARIS. 
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PLANE SURVEYING, 

PART III. 



THE GRADIENTER. 

The vertical circle or arc of the transit or theodolite, under 
ordinary circumstances, furnishes the means of measuring the 
vertical angle through which the line of collimation is turned, or, 
on the other hand, of turning the line of collimation through any 
desired vertical angle. Much of the work of the engineer consists 
in measuring slopes or grades, or in setting a line at a certain 
slope or grade; and the data are given, not in terms of the vertical 
angle directly, but usually by the amount of rise or fall per 100 
feet. Thus, a rise or fall of 2 feet in 100 feet is designated as a 
2 per cent grade; a rise or fall of 50 feet to the mile would be 
designated as a 0.05 per cent grade, etc. The ratio of these two 
quantities, rf'se {or fall) to reach is evidently the natural tangent 
of the angle of slope; and before the vertical circle can be used for 
setting off such slopes, the ratio must be transformed into degrees 
and minutes of arc. 

The tangent-screw of the horizontal axis of the telescope, 
without the aid of the vertical circle, provides the means of quick- 
ly and accurately setting off slopes directly, when the vertical 
angle does not exceed fifteen or twenty degrees. For this pur- 
pose, the ordinary tangent- screw is replaced by a fine screw, with 
very uniform pitch and large graduated head, and also a grad- 
uated scale from which may be read the number of turns or double 
turns made by the screw. The graduated head fits friction -tight 
upon the neck of the screw, bo that its index may be made to read 
zero when the line of collimation is horizontal; and it is usually 
divided into fifty parts, so that, after the number of double turns 
is read from the scale, it will give the number of fiftieths of a 
single turn, or hundredths of a double turn. (See Fig. 94.) 

Let the distance of the screw from the axis about which the 
telescope turns, be represented bj I and the interval between 
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tho threads by t. If the screw is turned through one revohition, 
the lever AD (Fi^r. 94) is moved through the distance DE, and tho 
line of collimation through the distance BC, upon the rod PQ. 

Now, the tangent of the angle DAE = « - = _ - - = _ -. To 

this ratio, the maker of the instrument can give any convenient 

value, but it is customary to make it = -^.w^, and it will be so con- 
sidered throughout this discussion. 

If, then, the line of collimation be directed toward tho gradu- 
ated rod PQ, the space over which the line of collimation is 

moved for one revolution of the 




screw IS 



'20() 



of the distance of 



Fig. 94. 



the rod from the instrument; 
and the space upon tlie rod over 
which it is moved for two rev- 
olutions of the screw — -^^-rrt -- 

of the above distance. If 



100 



the screw is turned throutrh less than a single revolution, it will be 

35 
indicated upon the graduated head, as, for instance, -j^.. of a single 

7 1 7 

turn, the intercept upon the rod being ^rr ^"t^Tu^ ~ "OUriA^^ ^^® 

distance from rod to instrument — it being understood, of course, 
that the rod is held perpendicular to the line of collimation in its 
initial position. The index of the graduated head should read 
zero when the line of collimation is horizontal, and the reading of 
the scale of revolutions should be zero at the same time. 

The gradienter may be used as a telemeter, as a level, or 
simply as a grade-measurer, as will be explained in what follows. 

Call .9 the intercept upon the rod for 'any movement of the 
gradienter-screw, and d the distance from the instrument to the rod. 

If the number of revolutions of the gradienter-screw is known, 
whether 8 and d are known or not, the tangent of the angle of 
inclination of the line AC is known, and the instrument is a grade- 
measurer or gradienter. 
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If the space * and the number of revolutions of the gradienter- 
screw are known, the distance d is known, and the instrument is 
then a telemeter. 

If the distance d and the number of revolutions of the gradi- 
enter-screw are known, the space « is known, and the instrument 
then serves the purpose of a level. 

As a gradienter, the instrument may be used either to meas- 
ure the grade oi a given line, or to lay out a line to a required 
grade. 

(1.) Let AB (Fig. 95) be the line whose grade is required. 
Set the transit up over the point A, and, level carefully. Measure 
the height of the cross-hairs above the ground by holding the rod 
beside the instrument and noting the point upon the rod directly 
opposite the center of the horizontal axis of the telescope. Bring 

the line of collimation C£ hori- 
zontal by means of the bubble 
attached to the telescope (the 
instrument is supposed to be in 
adjustment), and set both the 
^' ^^' ^^' indexes to zero. Now carry the 

rod to the jK)int B, and by means of the gradienter-screw turn the 
telescope in a vertical plane until the line of collimation strikes the 
j)oint D as far above B as C was above A. Now count the number 
of full turns from the reading of the scale by the screw-head, and 
the number of fractions of a turn from the divided head. The 
former will give the rise (or fall) \nfitt per 100, and the latter in 
hundredths of a foot. It must be remembered that if the screw has 
made more than a whole turn past the last number on the scale 
the reading of the head must be increased by fifty. 

Thus, if the reading of the scale is 3 and the reading of the 
head is 35, plus one whole revolution, the rise (or fall) per 100 
feet will be as follows: 

3 double turns 3.00 ft. 

1 single turn 0.50 ft. 

3 5 *» * 0.35 ft. 

8 <r . • 

3.85 ft. 

So that the slope of CD, which equals that of AB, is therefore 
3.85 per cent. 
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EXAMPLE FOR PRACTICE. 

If the scale reads 2 and the head 31, determine the j)ercent- 
age of sloDe. 

(2.) It is required to layout in a given direction a line with 
a given percentage of slope from the point A. See I'ig. 96. 

Bet up the instrument on the given point, as B, and level it 
carefully. Measure the height of the cross-hairs above the ground 
as before, and set the pointers to read zero with the bubble in the 
center of the telescope tube. Now revolve the line of collimation 

in a vertical plane by means of 
the gradienter-screw bobs to set 
off the required slope. For in- 
stance, suppose it is required to 
set off a slope of 2.78 per cent. 
The screw should be turned 

_ five C()nii)lete revolutions as in- 

Pig. 96. ,.111, 

dicatod upon the scale, plus |5 

of a revolution as indicated upon the divided head of the screw: 

5 




200 



X 100 ft. 



5- X 2^6 X "^^ ''■ 



^. 2.50 feet. 
-^ 0.28 feet 



= 2.78 feet per 100 feet. 

Now carry the rod to any convenient point, as G, in the direction 
of the required line; hold it in a vertical position; and note the 
height of the line of collimation. Take the difference between 
this and CE (=: AB). If this diiFerence, as E(i, is positive, it 
gives the height of the grade line ahf^ve the ground and indicates 
a Jill at the point. If the difference is negative, as DE, it gives 
the depth of the grade line lehnn the ground and indicates a c^tt. 

EXAMPLE FOR PRACTICE. 

Let it be required to set off a B.35 per cent grade, and 
describe the operation in detail. 

"When the gradienter is used as a telemeter, it may be upon 
level or sloping ground. 

(1.) Upon Level Ground, Set up the transit at one end of 
the line, and level carefully. Bring tlie bubble of tlie telescope 
level to the center of its tube, and both gradienter scales to zero. 



PLANE SUKVEYING 



137 




Fig. 97. 



Now send the rod to the next station and let it be held vertical; 

adjust the tar<i;et to the line of colliniation and take the reading. 

Now turn the gradienter-screw through two rev^olutions and take 

the reading again (see Fig. 97). 

The difference of the two read- 

incrs crives DE in feet: and since 

the gradienter-screw has been 

turned through two revolutions, 

CE = 100 DE. Thus, if DE 

= 3.25 feet, CE = 325 feet. 

(2.) [Jpon Slopinrj Grouml, On sloping ground the first 
reading upon the rod cannot be taken with the telescope horizon- 
tal, but the telescope must be revolved in a vertical plane until the 
intersection of the cross-hairs falls at a division upon the rod 
equal to the height of the cross-hairs above the ground at the 
transit station. If now the rod be held perpendicular to the line 

of siorht, and the gradienter-screw turned through two revolutions, 

1 

the intercept upon the rod will be — — of the required distance. 

With the gradienter, as with the stadia, it is more convenient to hold 
the rod vertical and apply the necessary correction to the rod reading. 
Set up the transit over a point at one end of the line and level 
carefully. Pleasure the height of the cross-hairs above the ground. 
Now loosen the clamp of the tangent-screw attached to the vertical 

arc or circle, and revolve the 
telescope in a vertical plane until 
the intersection of the cross- 
hairs falls upon a point C (Fig. 
1)8) upon the rod held at D, such 
that CD r^ AB. Read and note 
^"^^^ ^^- the vertical angle after clamping 

the gradienter-screw with ])oth scales set to read zero. This angle 
will be B (Fig. 98). Now turn the gradienter-screw through 
two revolutions, and note the reading ED upon the rod; the differ- 
ence between this and CD (— AB) will give EC, which call S'; 
let F(', the perpeiKlicular intercept upon tlie rod, be called S; the 
distance A(/, parallel to the slope, IT; and let the horizontal dis- 
tance AG be denoted by 11. Then from the figure, 
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H' = 100 S. 
Now, from the right triangle EAG, the angle at £ = 90** - 
{$ + <!>); and from the right triangle FAC, the angle at F = 90° 
- 0. Therefore, in the triangle CFE, the angle at F = 180° - 

(90° -0) = 90° + 6. 

Therefore, 
S : S' : . sin [90' - {0 + <^)] : sin (90 + 6); 
or S : S' : : cos (^ + <^) : cos 6. 

cos {$ -\- <f>) 

Hence S = S ^ 

cos d 

^,. cos cos 6 - sin B sin <f> ^ , . . . 
= S' — = S' (cos 6 - sm <^ tan d): 

cos ^ ^ -r / ' 

but tan 6 •-- T7T7T 1 and therefore IS = S' (co8<f) -sin <f)T/\/7)- 

100 \ ^ ^ 100 

Therefore 11', the distance along the slope, 

^ S' (100 cos <^- sin <^); 
and H, the horizontal distance, 

= ir cos ^ = S' (100 cos- <f} - cos <f> sin <^) 

= &• (100 cos^ <^ - A sin 2 <^) 
=: 100 S' - S' (100 sin^ <f> - ^ sin 2 <^). 

It may be well to note that the lower reading of the rod need not nec- 
essarily be such as to make CD = AB, but only as a matter of convenience. 

EXAMPLE FOR PRACTICE. 

Upper rod reading^ = 7.49 
Lower rod reading = 4.67 
Vertical anffle of lower rod reading = 15^ 35'. 
Required to find the distance parallel to the slope between 13 and 
I) and the horizontal distance AG. 

Let it now be recjuired to find the difference of elevation 
between B and 1) — (Xi. 

Evidently (-G — 11 tan <^ = S' (100 cos^ <^ tan <^-cos (f) sin 
<f> tan <f)), 

= S' (100 sin (^ cos <f> - sin^ <^) 
:=S'(100 1- sin 2<^-Bin'f). 

In the last example, determine the difference of level of B 
and 1). 

It must not be forgotten of course, that the gradienter used 
in this way cannot give results so accurately as the spirit level; 
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but nevertheless, for rapid work, the results will be sufficiently 
correct. 

If the student possesses a set of stadia reduction tables, the 
values of sin^ <}> and i sin 2 (^ can be taken out at once and much 
labor saved. 

To Lay out a Meridian with the Transit. JJi/ vieans of the 
North Star at Vpiyer or Lower CulmiTiatwn, Twice in 24 hours 
(more exactly, 23 hours 56 minutes) the north star "culminates"; 
that is to say, it attains to its maximum distance from the pole, above 
or below it. At the moment of culmination, the star is upon the 
meridian and if, therefore, a line be ranged out upon the ground in 
the same vertical plane, it will define a meridian. 

Set up the transit over a peg, in an open space, giving an 
unobstructed view of a line about 400 or 500 feet long. Level the 
instrument carefully (it should be in j)erfect adjustment), and, a few 
minutes before the time of culmination, as given in the table, focus 
the intersection of the cross-hairs upon the star ; clamp the plates, the 
vertical axis, and the horizontal axis of the telescope. Now by 
means of the tangent-screws attached to the vertical axis and to the 
vertical circle, move the telescope in azimuth and altitude, keeping 
the crosshairs fixed upon the star. After a time it will be found 
that the position of the star no longer changes in altitude; it is 
then upon the meridian. Now clamp the vertical axis, plunge the 
telescope, and carefully center a stake 400 or 500 feet from the 
instrument; the line connecting the two stakes, will define the true 
meridian. 

The whole operation may be repeated several nights in sue 
cession, and the mean of all the results taken. 

By Cleans of the Xorth Star at EftKtem or Western Elon^ 
fjatiojK Twice in 24 hours, the north star attains to its maximum 
distance east or west of the pole, called its eastern or western " elon- 
gation." If a line be ranged out upon the ground in the direc- 
tion of the star — at, say, the time of eastern elongation, and again 
at the time of western elongation — and* if the angle between 
these two lines be bisected by a third line, this last line wnll evi- 
dently be a true north and south line. 

(Hhemvlse, Having laid out a line upon the ground in the 
direction of the north star — say at western elongation — take from 
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a table the azimuth (or bearing) of the star at such time, and upon 
the horizontal plate of the transit set oflF this angle to the east and 
range out a line — which will therefore be a true north and south 
line. If the position of the star is taken at eastern elongation, the 
azimuth must be turned oflf to the west. 

Set up the transit over a peg a few minutes before the star 
attains its maximum elongation, as given by the table. Level, and 
fix the line of collimation upon the star, following its movement 
as described under the previous method. After a time, it will be 
found that the movement of the star in azimuth ceases; the star 
has then attained its maximum elongation. Now clamp the ver- 
tical axis of the instrument, plunge the telescope, and center a stake 
in the proper direction. N'ow take from the table the proper azi- 
muth, revolve the upper plate through the given angle in the 
proper direction, and range out a line upon the ground for the true 
meridian. 

In order to determine the azimuth of the north star at eastern 
or western elongation, it is necessary to know the latitude of the 
place of observation. 

Definitions. The altitude of a star is the vertical angle at 
the instrument included between the plane of the horizon and the 
line from the instrument to the star, as given by the line of colli- 
mation. 

The latitude of a place is equal to the altitude of the pole. 

If, therefore, we have any method of determining the altitude 
of the pole, the latitude of the observer is known at once. 

The altitude of the pole may be determined by observing the 
altitude of the north star, first at its upper culmination and again 
at its lower culmination. The mean of these observations, cor- 
rected for refraction, will give the altitude of the pole and there- 
fore the latitude of the observer. See tables of refraction of Polaris. 

Set up the transit and level it, and proceed in the same man- 
ner as described under the first method for laying outa true merid- 
ian. When tlio star has reached its maximum distance above or 
below tlie pole, as indicated by the line of collimation moving in 
a horizontal plane, clainp the horizontal axis of the telescope and 
read the angle upon the vertical circle. The result wnll be the 
altitude of the star, say at upper culmination. Repeat the operation 
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at lower culmination. Now, if A represents the altitude at upp«T 
culmiimtion, and A| the altitude at lower culniiuationjt? the refrac- 
tion at upper culniinatiuii, and <ly the n-fractiuii at lower eulniina- 
tion, then Ap, the altitude of the jiole ( = latitude of the place), 
will be given by the following: 

A„ - WA ~ A,-d-,l,) 
It will be well to repeat these olKservatiyns and take the mean 
of the results as the probable altitude of the pole. 




THE SOLAR TRANSIT. 

Tlie suliir transit im an iirdinary enpineer's transit fitted with 
a solar attncliment. Of the many forms of Bolars in use, tliat 
invented by G, N, Pncgmuller, "Wasliin^iton, D. ('.. Feenis to be the 
favorite. In its hitest form it is shown in Fig. Oi', and eoosists of 
a teIesco[)e and level attaehed to the telescope of the transit (pee 
Fig., 100} in such a manner as to be free to riToIvo in two direc- 
tions at right atiglert to each olher, "When tlie tniiiwit teteaeojio U 
horizontal and the buhblu of the solar in the ei'iiter of ilw tube, the 
auxiliary teleseojie with its bubble revolves in ln>riz(inta! and ver- 
tical planes. 
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If now the line of collimation of the transit be brought into 
the meridian, the telescope pointing to the south, then, if we lay 
off upon the vertical circle, upward, the co-latitude of the place, 
the polar axis of the solar will be parallel to the axis of the earth. 
If DOW the two lines of sight are parallel and the solar telescope is 
revolved upon its polar axis, it is evident that its line of sight will 
describe a plane parallel to the plane of the equator. If now the 
transit telescope be still maintained parallel to the equator, if we 
turn the solar telescope upon its horizontal axis until the angle 
between the two lines of collimation equals the declination of the sun, 
then when the solar telescope is revolved upon its polar axis, its 
line of collimation will follow the path of the sun for the given 
day, provided there be no change in the sun's declination. If 
therefore the solar telescope is revolved until the image of the sun 
is brought between a pair of horizontal and vertical wires, pro- 
vided in the telescope for that purpose, at that instant the line of 
sight of the transit telescope is in the meridian. 

The horizontal axis of the solar telescope and the polar axis of 
the solar are provided with clamps and tangent-screws by means 
of which careful adjustments may be made. Two pointers are at- 
tached to the solar telescope, so adjusted that when the shadow of 
the one is thrown upon the other, the sun will appear in the field 
of view. There are also provided colored glass shades to the eye- 
piece to protect the eye when observing upon the sun. The 
objective and the cross-hairs are focused in the usual way. 

Adjustments of the Solar Transit. It is assumed in what 
follows that the transit is in perfect adjustment, particularly the 
plate levels, the horizontal axis of the telescope, and the zero of 
the vertical circle. 

1. To at/just the Polar Axis. The polar axis should be 
vertical when the line of collimation and the horizontal axis of the 
telescope are horizontal. To make this adjustment, level the tran- 
sit by means of the plate levels. If the telescope is not fitted with 
a level, make the vernier of the vertical circle read zero. Now 
bring the bubble of the solar to the center of its tube and clamp 
the horizontal axis. Loosen the clamp of the polar axis, and turn 
the solar U|)(>n its polar axis through 180'". If the bubble remains 
in the center of the tube, the solar axis is in adjustment. If the 
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bubble runs toward oni3 end of the tube, correct one-half of the 
error by revolvintr the solar telesco])e upon its horizontal axis and 
the other half by means of the capstan -headed screws at the base 
of the solar. 

If the telescope of the transit is fitted with a level, it will be 
better to test the verticality of the vertical axis by means of it, 
since it is longer and more sensitive than the bubbles upon the 
plate. To do this, revolve the telescope upon its vertical axis 
until it is directly over a pair of diacronally opposite plate arrows, 
and bring the bubble to the center by means of the tangent-screw 
attached to the horizontal axis of the telescope. Kow revolve the 
telescope upon its vertical axis throutrh ISO , and note if the bub- 
ble runs to one end; if it does correct one-half the error by the 
j)arallel plate-screw and the other half by the tangent-screw of the 
horizontal axis, and repeat this test and correction until the bubble 
remains in the center in all positions. 

2. To Adjust the Cross- 11a irti of the Solar, The line of 
coUiniation of the solar telescope should be parallel to the line of 
coUimation of the transit telescope. The first adjustment having 
been made, first bring the telescoj)einto the same vertical plane by 
centering a stake by the transit telescope and clamping the verti- 
cal axis. Now turn the telescope of the solar upon the polar axis 
until the intersection of the cross-hairs covers the same point upon 
the stake, and clamp the polar axis. Kow level both telescopes 
by bringing the bubbles to the center, and measure the distance 
between the axes of the two telescopes; draw at this distance two 
black parallel lines upon a jnece of white paper. Tack up the 
paper against a wall, post, or other convenient object, adjusting it 
in position so that one black line is covered by the horizontal cross- 
hair of the transit telescope; notice if the other black lino is cov- 
ered by the horizontal cross-hair of the solar; if so*, the adjustment 
is completed; otherwise, move the dia])hragm carrying the cross- 
hairs of the solar, until the second black lino is covered. Adjust- 
ing the cross-hair diaphragm may dis])ltice the solar telescope ver- 
tioally, so that the bubble should a^ain be brought to the center of 
the tube, and tho adjustment tested and repeated until the two 
lines of collimation are ])arallt4, when the two bubbles are simul- 
taneously in the center of the tubes. 
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The Use of the Solar Transit. An observation with the 
solar transit involvea four quantitiee as follows: 

1. The time of day, that is to say, tho hour-anjjlo of the sun. 

2. The declination of the sun. 

3. The latitude of the place of observation. 

4. The direction of the meridian. 

Any three of these quantities being known, the fourth may be 
determined by direct observation. The ])rincipal use of the solar 
transit is to determine a true meridian when the other three qnan- 
tities are known. 

To Lay Out a True Meridian. Set up the transit over a stake; 
level the instruinent carefully; and bring the lines of coUimation 
of the telescoj)es, into the same vertical plane by tlie method pre- 
viously described. Take tlie declin;ition of the sun as given in the 
Naviicftl Ahno^taG for the given day, and correct it for refraction 
and hourly change. \Iq\o\\g iliBinninit trh srojye u])on its hori- 
zontal axis fo that the vertical circle will record this corrected dec- 
lination, turning it down if the declination ia north, and elevating 
it if the declination ia Fouth. Kow, without disturbing the posi- 
tion of the transit telescope, bring tlie solar telescope to a horizon- 
tal position by means of the attaclied level. It is evident that the 
angles between the lines of coUimation will equal the corrected 
declination of the sun, and the inclination of the solar telescope 
to its polar axis will bo equal to the polar distance of the sun. 

Next, without disturbing tlie Tth(f've positions of the two tele- 
scopes, set llio vernier of the transit telescope to tho co-latitude of 
tlie j)lace, ar:d clamp the horizontal axis. It is evident that the 
transit teh*^(■oj^e is parallel to tho e<piator, and that tho solar tele- 
scope 13 in a position to describe the path of the sun when .the line 
of coUimation of tlu^ tiansit?*.s» h},tlnitr>ie'inrndhtn\ and unless 
tho line of coUimation is in the true meridian, the sun cannot be 
brought between the cross-hairs of the solar telescope. Then^fore 
unclamp tho vertical axis of the transit and the polar axis of the 
solar, and, maintaining the Q'ch/f'/ra positions of the telescopes 
revolve tho transit upon its vertical axis, and tho solar upon its 
polar axis, until the sun is brought between the cross-hairs of the 
solar telescope. Xow clamp tho vertical axis of the transit and 
range out a line upon the ground for the true meridian. 
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Tli6 solar apparatus should not be used between 11 a. m. and 
1 p. M. if the best results are desired. From 7 to 10 a. m. and 
from 2 to 5 p. m. in the summer will give the best results. The 
greater the honr-angle of the sun, the better the observation will 
be so far as instruniental errors are concerned. However, if the 
sun is too close to the horizon, the uncertainties in regard to refrac- 
tion will cause unknown errors of considerable magnitude. 

Ohfiei'vatlon for Time. If the two telescopes- being in 
position, one in the meridian and the other pointing to the sun — 
are now revolved upon their horizonfftl axes (the vertical remaining 
undisturbed) until each is level, the angle upon the horizontal 
plate between their directions, as found by sighting on a distant 
object, will give the time from apparent noon, reliable to within a 
few seconds. 

To DeteTTTbine the Latitude. Level the transit carefully, and 
point the telescope toward the south, setting off the declination of 
the Bun upon the vertical circle, elevating the object end if the dec- 
lination is south, and depressing it if the declination is north. 
Bring the telescope of the solar into the same vertical plane with 
the transit telescope by the method previously described, level it 
carefully, and clamp it. The angle between the lines of coUimation 
will then equal the declination of the sun. With the solar tele- 
scope, observe the sun a few minutes before its culmination, by 
moving the ti^ansit talef^cope in altitude and azirmith until the 
image of the sun is brought between the cross-hairs of the solar, 
keeping it there by means of the tangent- screws until the sun ceases 
to rise. Then take the reading of the vertical circle, correct for 
refraction due to altitude by the table below, subtract the result 
from 90°, and the remainder is the latitude sought. 
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Mean Refraction at Various Altitudes.* 



BaroroetiT, .TO inches. Pahronhrit TlHTmometor, TjO . 



Altitude. 


Refraction. 


Altitude. 


Refraction. 


10 


rv 


19" 


20' 


2' 


39" 


11 


4 


51 


25 


2 


04 


12 


4 


27 


30 


1 


41 


13 


4 


07 


35 


1 


23 


14 


3 


49 


40 


1 


09 


15 


3 


34 1 


45 




58 


16 


3 


20 


50 




49 


17 


3 


08 


GO 




34 


18 


2 


57 


70 




21 


19 


2 


48 


K) 




10 



Preparation of the Declination Settings for a Day's Work. 

The solar ephemeris gives the declination of the sun for the given 
day, for Greenwich mean noon. Since all points in America are 
west of Greenwich, by 4, 5, fi, 7, or S hours, the declination found 
in the ephemeris is the declination at the given place at 8, 7, 6, 5, 
or 4 o'clock a. m. of the same date, according as the place lies in 
'« Eastern '\ " Central ", " AVestern ", " Mountain ", or *' Pacific " 
time belts respectively. 

The columns headed "' Refraction Corrections " (see table) 
give the correction to be made to the declination, for refraction 
for any point whose latitude is 40^ If the latitude is more or less 
than 40°, these corrections are to be multiplied by the correspond- 
ing coeflScient given in the table of " Latitude Coefficients " (page 
148). Tims the refraction corrections in latitude 30 are 65 one- 
hundredths, and those of 50'' 142 one-hundred ths of the correspond- 
ing ones in latitude 40'. There is a slight error in the use of 
these latitude coefficients, but the maximum error will not amount 
to over 15 seconds, except when the sun is very near the horizon, 
and then any refraction becomes very uncertain. All refrac- 
tion tables are made out for the mean (or average) refraction 
whereas the actual refraction at any particular time and place may 
Ih» not more than one-half or as much as twice the mean refraction, 
with small altitudes. The errors made in the use of these latitude 
coefficients are therefore very small compared with the errors re- 

* This table, as well as those following, is taken from the catalogue of 
George N. Saegmuller, Washington, D. C. 
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snlting from the use of the mean, rather tlian unknown actual, 
refraction which affects any given observation. 



Latitude Coefficients. 



LAT. 


COEFF. 

1 


JJ^T, 


COEFF. 


LAT. 


CX)EFF. 

.96 


1 LAT. 
' 51° 


CX)EFF. 


. 15° 


.30 1 


27° 


.56 ; 


39° 


1.47 


IG 


.32 


28 


.59 , 


40 


1.00 


52 


1.53 


17 


.34 


29 


.62 


41 


1.04 


5^5 


1.58 


18 


.36 


30 


.65 


42 


1.08 


' 54 


1.64 


19 


.38 


31 


.68 ' 


43 


1.12 


55 


1.70 


20 


.40 


32 


.71 1 


44 


1.16 


56 


1.76 


21 


.42 


33 


.75 1 


45 


1.20 


' 5T 


1.82 


22 


.44 i 


34 


.78 


46 


1.24 


, 58 


1.88 


23 


.46 , 


35 ' 


.82 


47 


1.29 


1 59 


1.94 


24 


.48 ' 


36 


.85 1 


48 


l.:i3 


' 60 


2.00 


25 


.50 1 


37 


.89 , 


49 


1.38 


1 




26 


.53 1 


38 


.92 


50 


1.42 


1 





If the (late of observation be between June 20 and September 
20, the declination is positive and the hourly change negative; 
while if it be between December 20 and March 20, the declination 
ia negative and the hourly change positive. The refraction cor- 
rection is always positive; that is, it always increases numerically 
the north declination, and diminishes numerically the south dec- 
lination. The hourly refraction corrections given in the ephem- 
eris are exact each for the middle day of the five-day period, cor- 
responding to that of hourly corrections. For the extreme days 
of any such period, an interpolation can be made between the 
adjacent hourly corrections, if desired. 

By using standard time instead of local time, a slight error 
' is made, but the maximum value of this error is found at those 
points when the standard time differs from the local time by one- 
half hour, and in the spring and fall when the declination is chang- 
ing rapidly. The greatest error then, is less than 30 seconds, and 
this is smaller than can bo set off on the vertical circle or declina- 
tion arc. Even this error can be avoided by using the true dif- 
ference of time from (Greenwich in place of standard meridian 

time. 

EXAMPLES FOR PRACTICE. 

(1) Let it be required to prepare a *able of declination for 
June 10, 1904, for a point whose latitude is 40 20' , and which 
lies in the "Central Time" belt. 
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Since the time is H hours earlier than tliat at (ireenwich, the 
declination given in the epliemeris is the declination at the given 
phice at a. m. of the same date. This is found to be 23^ 0' Ifi". 
To this must be added the hourly change which is also plus and 
equal to 11.07". The latitude coefficient is 1.013. The following 
table intiy now be made out. 



IIOTT'.l. DKCIJNATION.lHKF.COR 



[ 





h 23^ 0* 30" 


8 


4- 2.-5 (Y 41" 


9 


f 2:ro'r>3" 


10 


+ 2:m' 5" 


11 


+ 2.'ri'17" 



4-1' 10" 
44" 
29" 
22" 

18" 



RETTING. I HOUR. DECLINATION. UEF. COR. 



23''r40" 
23^1'2o",| 
2.3 l' 22"; 

2:ri'2r'j 

23^1'3.V' 



1 

2 
3 
4 

5 



23^ 1' 29" 
23U'4r'- 
23^1' 53"! 
23^2' 5" 
23 2' 17" 



18" 
22" 
29" 
44" 
I' 10" 



SETTINC;. 



23 1'47" 
2:r2' 3" 
23 2' 22" 
23 ' 2' 49" 
23 • 3' 27" 



PROBLEMS INVOLVING USE OF TRANSIT. 



Perpendiculars and Parallels. To erert a peij[>fm<1!rf/hfr to 
aline* at a g'iven 2)iHnt of theline. Set up the transit over the 
given point, and with the verniers set to 0^, direct the line of 
sight along the given line. Clamp the lower motion, unclamp the 
upper motion, and turn off an angle of 90° in the proper direction 
for the required line. 

To erect a jh'rpeifulicalar to an hiaecesBthle line at a giveTi 
point of the I'm e. Let AB, Fig. 101, be the given inaccessible 
lino, and A the point of the line at which it is proposed to erect 
the perj)endicular AD. Select 
some j)oint II from which can be 
distinctly seen the points A and 
J> of the inaccessible line. Set up 
the transit at the point II, and 
mcnsure theancrle AIIB. Also 
from tlie point II run out and 
measure a line of any convenient 

a. 

li'no;th, and in such a direction that the points A and B can be 
sc (»n from its extremity, as E. Kow measure the angles AIIE 
and BITE. Now set up the transit at E, and measure the angles 
BEIT, BEA, and AEIL In the triangle AIIE, we know 
from measurement tlie length of the side HE, as also the angles 
AIIE and AEII, from which may be calculated the length of 
the side All, which is also one side of the triangle AIIB. From 
the triangle BEII, we have the length HE, known l)y measure 




Fig. 101. 
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Refraction Correction. 

Latitude, <ia. 
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meiit, as well as tlie angles BllE and BEII, froni which we 
can calculate the length of the Bide BII, which is also one Bide of 
the triangle AlIB. Therefore in the triangle AII1>, we have 
the lengths of the two sides All and BII by calculation; and the 
angle AIIB by measurement. We can therefore calculate 
the angle UAB, which equals the angle All I). Set up the transit 
at II, sight to A, and turn off the angle AlID ( ^ IIAB), 
measuring off II D of a length equal to All cos AJID. Then 
AT) will be the perpendicular required, and its length will equal 
All sin AIID. 

The calculation is as follows: 'In the triangle AIIE, the angle 
HAE -~- lS(r-. (AIIE + AEII), and therefore All : HE : : sin 

AEII ; sin IIAE; or, All -- HE ^^^f,^" . 

Bin 11 A K 

In the triangle IIEB, IIBE = ISO^ - (P>HE ^ BEII), and 

therefore IIB : HE : : sin IIEB : sin IIBE; 

or IIB = HE -. -yn>L>- 

sin II UE 

In the triani^le AIIB, the sum of the antrlt^s HAB and IIB A 
= 180^ - AIIB. Let x represent the difference of the angles IIAB 
and HBAv Then, from trigonometry, 

AII + IIB: AII-IIB::tanUHAB IIBA) : tan .UIIAB- 

II BA); 
or, All + HB : All - HB :: tan i (ISO - AIIB) : tan 1 j- 

or, AH + HB : AH - IIB : : cot — >, - : tan \ ./•. 

z 

From this last proportion we find a?, the difference of the two angles 

HAB and IIBA. We then have the simultaneous equations: 

IIAB ; HBA = ^(say) 

HAB HBA ^ J (say) 

Therefore IIAB - '* ' --: and IIBA - " ~/l. 

KXAMPLE FOR PRACTICE 

Given HE (Fig. 101) ^ 125 feet; AIIE .:: 122^; AIIB =^ 94"; 
BHE^28 ; BEH -. 121 ; BEA = 80 ; AEII^41 . It is required 
to find the angle AIID, the length of HI), and the length of AD 
Ans. AHD ^ 50' 54'; IID - : 170.02 feet; AD ^ 217.02 feet 
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To let fall a perpendicular to a line from a given point. 
Let AB, Fig, 102, be the given line, and the point. Set up the 
transit at some point A of the given line, and measure the angle 
BAG. Take the instrument to 0, sight to A and turn off an angle 
ACB = 90'' - BAG. The instrument will then sight in the direc- 
tion of the required perpendicular CB. 

To let fall a perpendicular to a line from an inaccessible 
point. LetBG, Fig. 103, be the given line and A the inaccessible 
point from which it is desired to let fall the perpendicular upon 
IJC. Set up the instrument, as at B; and, after measuring the 



AT 



N 



B 




Pig. 102. Fig. laS. 

length of BC, measure the angle ABC. Take the instrument to 
C, and measure the angle ACB. Then in the triangle ABC, 

AB : BC : : sin ACB : sin (ACB + ABC); 

sin ACB 



or, 



and, 



^^ ~ ^^ sin (ACB f ABC)' 
BD r. AB cos ABC; 

BD = BC '^" ^^^ 



tan ACB + tan ABC 



Ans. 



EXAnPLE FOR PRACTICE. 

Given BC (Fig. 103) = 250 feet; ABC = 03^15'; ACB ^ 
55 40'. Calculate the length of BD, and the length of AD. 

K BD -- 106.2 feet. 
** ( AD = 210.7 feet. 
To let fall a perpendicular to an inaccessible line from a 
(jiven point outside of the line. TjCt AB, Fig. 104, be the inacces- 
sible line, and C the point from which it is desired to let fall the 
perpendicular to AB. Through C run out and measure a line 
of any convenient length, as CD, and measure the angles ACB 
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D('B, and DCA. Set up the instrument at D, and measure the 
angles ADC and BDC. In the triangle BDC", we have given two 
angles and the included side, from which can be calciilat(^;d the 
length of the side CB, In the triangle ADC, we have given two 
angles and the included side, from which can be calculated the 
length of the side AC. Then, in the triangle ACB, we have 
the lengths of the sides AC and CB, and the included angle 
ACB, from which can be calculated the angle CAB. If, then, tlie 
instrument be set up at C, and an angle ACE be turned oif eijual 
to 90^ - BA(J, the line of sight 



V 1 P 




will point in the direction of the 
required perpendicular, and the 
length of the perpendicular will 
be given by AC cos ACE. 

This same method will serve 
to trace a line through a givtn 
point parallel to an inaccessi- Fig. 104. 

lie line. For if , with the instru- 
ment at C, an angle ACA' be turned off equal to CAB, the 
line A' B' will be parallel to AlJ. 

Obstacles to Alignment. By PerpendlcularH: When a tree, 
house, or other obstacle obstructing the line of sight (see Fig. 105) 
is encountered, set up the transit at the point B, turn oft a right 
angle, and measure the length of the line BC. Erect a second 
perpendicular CD at C, and measure its length. At D erect a 
third perpendicular DE, making DE = BC. Then the fourth 
perpendicular EF will be in the direction of the required line. 
The distance from B to E will be given by CD, If perpendic- 
ulars cannot be conveniently set off, let BO and DE make any 
equal angle with the line AB, so that CD will be parallel to it. 

By ail Jujutlatcral Triangle. At li turn off from the direc- 
tion of AB produced, an angle of (SiV in the direction of BO (see 
Fig. 10(3), and make BC any convenient length sufficient to clear 
the obstacle.. ISet up the instrument at C and turn off an angle of 
00 from BC to CD and make CD of a length equal to BC 
Finallv at D turn off a third anijle of 60' from CD to DB, and 
the line DE will be in the direction of AB produced. The dis- 
tance BD will equal BC or CD. 
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By Triangulatftnt, Let AB, Fig. 107, be the line to be 
prolonged beyond the obstacle. Choose some point as O from 
which can be seen the line AB as well as some point D beyond 
the obstacle. "With the transit at A, measure the length of AB 
find measure the ant^le BA(\ Set up the transit at (\ and nieas- 



A- 




A- 




Fig. 105. 



Fig. 106. 



lire the angles BCA and AC I). Then, in the triangle ACB, 
we have one side and two angles known, from which can be cal- 
culated the lengths of AC and BC. In the triangle ACD, we 
know the length AO and the angles BxVC and ACD, from 
which can be calculated the length CE, the angle BEC, and the 
distance AE. Therefore from C measure the distance CE, set up 
the transit at E, and turn off the angle CEF ecjual to 180° minus 
the angle BEC, for the direction of the required line. The 
length of BE will evidently equal AE - AB. 

By a Ban do in Bine, When a wood, hill, or other obstacle 
prevents one end of a line (as B, Fig. 108) being seen from the 
other end A, run out and measure a random line, as AC, as 




,-<6^ 



^^"^ 



.<3-o^ 



Fig. 108. 

ntnirly in tlu^ nMjuired direction lus niay be guesse<l, until a point 
(/ is reached from which B can be seen. Now, if convenient, 
mcuv^uro the perpendicular offset from AO to tlie point B, from 

which can be calculated the ancrle CAB. Tan. CAB =:_^^,. 

^ AC 

Tf a ritrht angle cannot be turned off at C, turn off any convenient 
angle and measure the distance C]»; tluMi, in the triangle ACB, 
there are given two sides and the iiiclnded angle, from which can 
be calculated the angleCAI>. Now taking the transit back to 
A, the angle CAB can be turned off in the proper direction from 
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Fig. 1C9. 



AC, and the correct line AB can Ife rnn out and measured in 
the proper direction. 

By Latitudes and Depart uns, When a single line such as 
AC cannot be run so as to come opposite the given point B (Fig. 
109), a series of zigzag lines (as A(^, CD, DE, EP\ and FB) can 
be run in any convenient direction, so as at las^ to arrive at the 
desired point B. Any one of 

these lines (as, for instance, AC) ^^B 

may be taken as a meridian to 
which all of the others may be 
referred, and their bearings there- gy 

from deduced. Calculate the ^^ 
total latitudes and departures of 
these lines, as AX and BX; then 
the bearing of the required line BA with respect to AC will be 

given by Tan. BAC := Tv- 

By Tr'iamjulatlon. When obstacles prevent the use of 
either of the preceding methods, if a point C can be found from 
which A and B are accessible (see Fig. 110), measure the dis- 
tances (W and CB, and the angle zVCB, from which can be calcu- 
lated the len<rth of the side AC and the antjle ('AB. Now 

measure the angle ACl) to some 
point I) beyond the obstacle; 
then, in the triangle AC I), we 
have two an cries and the included 
side, from which may be calcu- 
lated the length of the side ('D. 
Measure the distance CD in the 
proper direction, set up the tran- 
sit at D, and turn off an angle CDB equal to the supplement of 
AD(y, for the direction of the required line. 

The distance from A to 1) may also be calculated from the 
triangle ACD, the stake at D given its j)roper number, and the 
line continued. If the distances (.-A and CB cannot be meas- 
ured, it will be necessary to measure a base-line through C, from 
the extremities of which the aufjles to A and H can be measured 
and the reduired distances calculated as before. 



.<3-c3_0^^a^^.. -D... B 
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The following [troblein, as illustrated in Fig. Ill, is of (re- 
ilUBDt occurrence in line surveys. The lino AB of the aurvey 
having been brought up to one side of a stream, it is desirud to 
continue the line of the survey across the stream to the point C, 
the latter point being visible from B and accessible. It is required 
to find the length of the line BO, that the stake at C may be given 
itfj proper number, and the survey continued from that point. 
With the transit Ht B, turn off the required angle to locate the 
point (', and drive a stake at that point. If possible, deflect from 
BO a right angle to some point E, and measure the length of BE. 
Take the transit to E, and measure the angle HEC, The dis- 
tance BC is therefore: 

B(' = BE tan BEO. 

If it is not possible to turn off a right angle at B, then through 
B run a line (as BE') in any convenient direction, and ideasure 
itri length; measure also the angles E'Bi" and HEO. In the 
triangle CBE', there are then given two angles and the included 
side, from which the aide BC can 
be calculated. Should it be nec- 
essary to take soundings at cer. 
tain intervals (as, say, 50 or 100 
feet across the stream), then in 
the triangle BE X there are given 
the distance liX, the distance 
*■ E'X, and the angle XBE', from 

which can be calculated the angle BEX. With the transit at E", 
lurn off from BE' the angle BE'X. Now, starting a boat from 
the shore, direct it. in line from B to C until it comew uj(on the 
line of sight of the transit from E' to X. At that point take 
soundings, and similarly for the point X', etc. If the point C is 
Tiot visible frtmi B,Hnd some point, aa Efsee Fig. 11~), from which 
li and (/ are visible, and measure the angle BEO and the distance 
Ell. Find a second point, as F, from which E and are visible, 
and measure the angles CEF and EEC and the distance EF. Then, " 
in the triangle KCV\ there are given two angles and the included 
side, from which can be cjilculated the distance EC In the tri. 
.angle Ht'E, then, there are given two Kidea and the included 
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angle, and from these the third side BC and the angle EEC can 
be found. The stake can now be numbered, and the bearing of 
BC deduced. 

EXAMPLES FOR PRACTICE. 

1. In Fig. Ill, given BE' = 210 feet; angle CBE' = 110" 
15'; angle BE'C = 34^20'; stake B numbered 8 + 54. It is 
required to find the number of the stake C. 

2. (a) In Fig. 112, given 
EF = 250 feet; BE = 128 feet; 
angle EFO = 46^40'; angle CEF 
= 103 30'; angle BEC = 39° 10'. 
If the stake at B is numbered 12 
+ 20, it is required to find the 
number of the stake at C. 

(b) If the bearing of the line 
AB is S 75°E, and the deflection 

angle of BE from AB is 104° to the 7*ight, find the bearing of BC. 
To Supply Omissions. Any two omissions in a closed sur- 
vey — whether of the direction or of the length, or of both, of one 
or more lines of the survey — can always be supplied by the 

application of the principle of lati- 
tude and departures, although this 
method should be resorted to only 
in cases of absolute necessity, 
since any omission renders the 
checking of the field work im- 
|)ossible. In the following para- 
graphs, the methods outlined will 
apply equally whether the survey 
has been made with the transit 
or with the compass. 

Case 1. W/t €7i the Itiigth 
and hearing of any one svle a/re 
wanting. In Fig. 113, let the 
dotted line FG represent the 
couri^e whose length and bearing 
are wanting. Calculate the latitudes and departures of the remain- 
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in<r courses; and since in a closed survey the algebraic sum of the 

latitudes and departures should e(}ual zero, therefore the difference 

of the latitudes will he the latitude of the missing line, and the 

difference of the longitudes will })e the required longitude. The 

latitude and longitude of the line, 

form the sides of a right triangle, 

from which we have: 

Longitude 
iancrentof Jiearniir =^ , .^^— : — . 
^ ^ Latitude 

The required length will be given 
Latitude 
' ' ~ ('os Bearing' 

Case 2. Wftr?h the length of 
(nm sifle and the hearing of an- 
(ftherare irantlng. 

(a) Whkn the deficient 

SIDES ADJOIN EACH OTHER. lu Fig. 

114, let the bearing of DE, and 




Fig. 114. 



the length of FE, be lacking. 
Draw I)F. From the preceding 
proposition we can calculate the 
bearing and length of I)F, as 
though DEand EF did not exist. 
Then, in the triangle DEF, we 
have given the lengths DF and 
DE and the antrle DEF, from 
which can be calculated the angle 
FDEand the length EF. 

[h) WlIKN TIIK DKFleiKNT 
SIDKS AUK SKI'AKATKl) FUnM EACH 

oTHKu. In Fig. 115 let AIU^DE 
F(fA represent a seven -sided 
field, in wliich the length of CD, 
and the bearing of F(t, arc^ want- 
ing. Draw Dir, I5'A', A'(i', of 
the saiue lengths, and parallel 
res|)ectively to i\l^ BA, and A(l. 
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Connect (T with (iE and F. 



Then, in the figure I)H'A'(i'E, there are given the lengths and 



PLANE SUEVEYIXG 



159 




\ 



bearings of all of the courees but G'E. The length and bearing of 
the last coursfe can be calculated by the principles of Case 1. Then, 
in the triangle EK(i , there are given the lengths and bearings of 
EF and EG', from which can be calculated the length and bearing 
of FG'. Therefore, in the triangle GF(i', since GG' is equal in 
length and parallel to CD, there are given the lemjths of GF and 
FG', and the ht^ftr'nujs of CUi' and FG', from which can be cal- 
culated the length of GG' and the bearing of GF. 

(^ASE 3. Whi'ii the letujths of ttro aidcH an- nurntlnfj, 
{^a^ When tiik dkficiknt sides adjoin each other. In the 
seven-sided Fig. IK), let the lengths of DE and EF be wanting. 
Calculate the length and bearing of DF by the principles of Case 1. 
Then, in the triangle EDF, there 
are given the angles at D and F, 
and the length of DF, from which 
can be calculated the lengths of 
DEandEF. 

(J) When the deficient 

SIDES ARE separated FROM EACH 

OTHER. In Fig. 115, let the a 
lengths of CD and GF be want- 
ing. As before, having calculated 
the length and bearing of FG\ 
in the triangle F(iG', the angle at 
G can be calculated from the bear- 
ings of F'G and G(t'; the anjrle at 
G' from the bearings of GG' and FG'; and the angle at F from the 
bearings of FG and F(t'. There are given then the three angles 
of the triangle, and the length of one side, from which can be 
ca!;'ulated the lengths of the other sides. 

Case 4. When the ht'KrliHjH <>ftiro s'hIch arc vantlmj. 

('^) When the deficient sides ad.ioin each other. In Fig. 
lin, iind the length and bearing of DF as before. Then, in the 
triangle DEF, there are given the lengths of the three sides, from 
which can be calculated the required angles. 

(t) When the deficient sides are separated from each 
other. In Fig. 115, let the bearings of CD and GF be wanting. 
Calcnlate the length and bearing of FG' as before. Then, in the 
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triangle FGG', there are three sides known, from which can be cal- 
culated the three angles, and therefore the bearings can be deduced. 

UNITED STATES PUBLIC LAND SURVEYS. 

The first surveys of the public lands of the United States were 
carried out in Ohio, under an act of Congress approved May 20th, 
1785. This act provided for townships 6 miles square, containing 
36 sections of 1 mile square. The townships 6 miles square, were 
laid out in ranges, extending northward from the Ohio River, the 
townships being numbered from south to north, and the ranges 
from east to west. The territory embraced in these early surveys 
forms a part of the present state of Ohio and is known as " The 
Seven Ranges." The sections were numbered from 1 to 36 com- 
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mencing with No. 1 in the southeast corner of the township, and 
running from south to north in each tier, to No. 36 in the north- 
west corner of the townships as shown in Fig. 117. 

A subsequent act of Congress, approved May 18th, 1796, pro- 
vided for the appointment of a surveyor general, and directed the 
survey of the lands northwest of the Ohio River, and above the 
mouth of the Kentucky River. This act provided that '^ the sec- 
tions shall be numbered respectively, beginning with the number 
one in the northeast section, and proceeding west and east alter- 
nately, through the township, with progressive numbers till the 
thirty-sixth be completed." This method is shown in Fig. 118 
and is still in use. 

An act of Congress, approved Feb. 11th 1805, directs the sub- 
division of the public lands into quarter sections, and provides that 
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all the corners marked in the public surveys shall be established 
as the proper corners of sections, or subdivisions of sections, which 
they were intended to designate, and that corners of half and 
quarter sections 7\ot rnarl'ed shall be placed, as nearly as possible, 
"equidistant from those two corners which stand on the same line." 
This act further provides that '• the boundary lines actually run 
and marked * * * shall be established as the proper bound- 
ary lines of the sections or subdivisions for which they were 
intended; and the length of such lines as returned by * * * 
the surveyors * * * shall be held and considered as the 
true length thereof " 

An act of Congress, approved April 24th, 1820, provides for 
the sale of public lands in half-quarter sections, and requires that 
" in every case of the division of a quarter section the line for the 
division thereof shall run north and south. An act of Congress, 
approved April 5th, 1832, directed the subdivision of the public 
lands into quarter-quarter-sections and that in every case of the 
division of a half-quarter section, the dividing line should run 
east and west; and that fractional sections should be subdivided 
under rules and regulations prescribed by the Secretary of the 
Treasury. 

By an act of Congress, approved March 3rd, 1849, the Depart- 
ment of the Interior was created, and the act provided "That the 
Secretary of the Interior shall perform all the duties in relation to 
the General Land Office, of supervision and appeal now discharged 
by the Secretary of the Treasury. * * * " By this act the 
General Land Office was transferred to the Department of the 
Interior where it still remains. 

The division of the public lands is effected by means of merid- 
ian lines and parallels of latitudes established six miles apart. 
The squares thus formed are called Toicnships^ and contain 36 
square miles, or 23,040 acres '" as nearly as may be. " All of the 
town ships, situated north or south of each other, form Vilian<je and 
are named by their number east or west of the principal meridian. 
Thus, the first range west of the meridian would be designated as 
Range 1 West (R 1. W.). Each tier of townships is named by 
its number north or south of the base line, as Township 2 North 
(T. 2. N.j. 
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Existing laws further require that each township shall be 
divided into thirty-six sections, by two setff" of parallel lines, one 
governed by true meridians and the other by parallels of latitude, 
the latter intersecting the former at right angles, at intervals of 
one mile ; and each of these sections must contain, as nearly as 
possible, six hundred and forty acres. These requirements are 
evidently inconsistent because of the convergency of the meridians, 
and the discrepancies will be greater as the latitude increases. 

In view of these facts, it was provided in section 3 of the act 
of Congress approved May 10th, 1800, that " in all cases where the 
exterior lines of the townships, thus to be subdivided into sections 
and half-sections, shall exceed, or shall not extend six miles, the 
excess or deficiency shall be specially noted, and added to or 
deducted from the western or northern ranges of sections or half- 
sections in such township, according as the error may be in running 
lines from east to west, or from south to north ; the sections and 
half-sections bounded on the northern and western lines of such 
townships shall be sold as containing only the quantity expressed 
in the returns and plots, respectively, and all others as containing 
the complete legal quantity." 

To harmonize these various requirements as fully as possible, 
the following methods have been adopted by the general land office. 

Initial points are first establis hed astronomically under special 
instructions, and from this initial point a "principal meridian " is 
laid out north and south. Through this initial point a "base 
line'' is laid out as a parallel of latitude running east and west. 
On the principal meridian and base lines, the half-mile, mile and 
six-mile corners are permanently located, and in addition, the 
meander corners at the intersection of the line with all streams, 
lakes or bayous prescribed to be meandered. These lines may be 
run with solar instruments, but their correctness should be checked 
by observations with the transit upon Polaris at elongation. 

Standard parallels, also called correction lines, are run east 
and west from the principal meridian at intervals of twenty-four 
miles north and south of the base line, and the law provides that 
^' where standard parallels have been placed at intervals of thirty 
or thirty-six miles, regardless of existing instructions, and where 
gross irregularities require additional standardlines, from which to 
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initiate new, or upon which to close old surveys, an intennediate 
correction line should be established to which -Alofurl name may be 
triven: and the same will be run, in all respects, like the reirular • 
standard parallels.'' 

Guide meridians are extended north from the base line, or 
standard parallels, at intervals of twenty-four miles east and west 
of the principal meridian. 

When conditions are such as to require the guide meridians 
to run south from a standard parallel or a correction line, they are 
initiated at properly established closing corners of the given paral- 
lel. That is to say, they are begun from the point on the parallel 
at which they would have met it if they had been run north from 
the next southern parallel. This point is obtained from computa- 
tion, and is less than twenty- four miles from the next eat^tern or 
western meridian by the convergence of the meridians in twenty- 
four miles. 

In case guide meridians have been improperly located too far 
apart, auxiliary meridians may be run from standard corners, and 
these may be designated by a local name. 

The angular convergence of two meridians is given by the 

e(juation 

(f> — ii\ sin L (1) 

where tn is the angular difference in longitude of the meridians, 
and L is the mean latitude of the north and south length under 
consideration. 

The linear convergence in a given length I is 

c — I sin <^ (2) 

The radius of a pamlhl at any latitude L is given by the 

eijuation 

/• = cos L (8) 

where R is the mean radius of curvature of the earth. 

The distance between meridians is usually given in miles and 

this must be reduced to decrrees. To do this it is first necessary to 

tind the linear value of one deijree of lontjitude at the mean latitude 

from the proportion. 

1^ : 300 ' ::./•: 277/' (4) 

the value of /• being found from (3) 



164 PLANE SURVEYING 



Equation (4) will jrivo results sufficiently accurate, althou<xb 
in strict accuracy K should be the radius of curvature at the mean 
latitude. 

For full details of public-land surveying, see " Manual of 
Surveying Instructions for the Survey of the Public Lands of the 
United States," issued by the Commissioner of the General 
Land Office. These '^ Instructions " are prepared for the direction 
of those engaged on the public land surveys, and new editions are 
issued from time to time. 

Much of the foregointr in very condensed form is taken from 
the edition of 1894. 

The following table gives the convergency both in angular 
units and linear units for township (> miles s(juare, between lati- 
tudes 30'^ and 70" north. 

Ix^t it be required to tinil from the table tlie linear converg- 
ence for a township situated in latitude BS 2\y north. 

Looking in the table oj)posite 39 ' we hud the linear con. 
vergence. 

For 39^ = 58.8 links 

For 3S^ = r)().N links 

Difference for 1^ — 2.0 links 
Diiference for 1' .:. 2.0 : (50 = .0333 links 
Difference for 29'- .0338 X 29 r. .97 links 
Therefore total convergence for latitude 38 29' = 56.8 + 
0.97 links = 57.77 links. 
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BASE nEASUREHENT. 

It is not intended in what follows to go into tho details of the 
measurement of a base for an ext(»nded system of triangulation, as 
tliat properly belongs to Geodetic Surveying. Some description 
of base measuring apparatus will l)e given, witH illustrations of 







(\>uvorsroncy. 


• 


Lilt. 




Convofirouc 


Y 


L«it. 


1 

1 








On tho 
Parallel. 


1 

Anjjflo. 


1 


1 


On tho 
Parallol. 


AhkIo. 

1 


Dpprpps. 


Link>. 


Minutes. Socond**. 


DojjrcM's. 


Link>. 


' Miuutos. 


Secoi.d-j. 


30 


41.9 


3 





50 


8(5.4 


6 


12 


31 


43.6 


3 


7 


51 


89 6 


6 


25 


32 


45.4 


3 i 


15 


52 


92.8 


6 


:i^) 


:i3 


. 47.2 


3 


2.3 : 


53 


9(5.2 


6 


54 


34 


49.1 


1 .'I ' 


;]() 


54 


99.8 


7 


9 


35 


50.9 


1 3 


as 


55 


103.5 




25 


3(5 


52.7 


3 


46 


56 


107.5 


i 


42 


37 


54.7 


3 


55 


r>7 . 


111.6 


H 





38 


56.8 


4 


04 


58 


IKU) 


8 


19 


39 


58.8 


4 ' 


13 


59 


120.6 


8 


.'J8 


40 


60.9 


4 


22 


60 


125.5 


8 


59 


41 


63.1 


4 ' 


31 


61 


i:«).8 


9 


22 


42 


65.4 


4 ; 


41 


in 


13(5.3 


9 


46 


43 


67.7 


4 


51 


6.3 


142.2 


10 


11 


44 


70. 1 




1 


64 


148.(5 


10 


38 


45 


72.6 


5 


12 


(55 


155.0 


11 


8 


46 


75.2 


5 


23 


6() 


1(52.8 


11 


39. 


47 


77.8 


5 


23 


67 


170.7 


12 


13 


48 


8().() 


5 


46 


(>S 


179.3 


12 


51 


49 


aj.5 


5 


59 ■ 


69 


HS.7 


13 


31 








i 


70 


1J«>.1 


14 


15 



various devices, and special attention will be given to the use of 
the tape in the accurate measurement of lines such as occur in usual 
field operations of Plane Surveying. 

Much of what follows is from the excellent treatise on Topo- 
graphic Surveying by Herbert M. Wilson. 

A trigonometric survey is usually carried over a country where 
the direct measurement of distances is imjiracticable, and since the 
calculations of these distances proceeds from the fllrect measure- 
ment of the base-line, this base line should be so located as to 
permit of its length being dc^termined with any degree of accuracy 
consistent with the nature of the work involved. 

To attain the desired results, the site should be reasonably 
level and afford room for a base of j)roj)er length so that its ends 
may be intervisible. and j)ermit of the developnuMit of a scheme of 
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primary triangulation giving the best-conditioned fignree possible. 
Other thitiga Iwing equal, tliat site is hi^at that inc;ludt;s solid 
ground; both for permanency of moQUiiientB and facility and 
accuracy of nieasuretnent. 

Base Apparatus. In early days, base-linee were measured by 
means of wooden rods, varnished and tipped wltli metal. The rods 
were supported in trestles, the contacts between the ends being 
made with great care, lAteT,C('mj>cngi!tt(lr"iI.i wereeuTpIoyed, as 
for instance the Contact-Slide Apparatus of the V. S. Coast Survey 
and the liepsold primary base bars of the I'. S. I^ake Survey, eee 
Fig. 119, resulting in greater accuracy in the measurement of base 
lines. The use of the itrd lar (see Fig. 120) by the U. S. Coast 
Survey, repreBenta the highest development of base-measuring 
apparatus. 
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Fig 119 
Within recent years the«^('(7 tajiehas become popular as the 
accuracy attainable with its use has become more fully appreciated. 
Errors in Base rieasurement. The following are the chief 

nmtrces nferror'in base measurement: 

1. Changes of temperature ; 

2. Difticulties ot making contact ; 

3. Variations of the bars or tape from the standards. 
The refinements of measurement consist especially in 
a. Standardizing the measuring apparatu.i, or it» oompnriso 

standard ot Icngtn. 

6. Do termination of temperature, or itr^ neutrali: 
compensating bars. 

c. Means adopted for reducing the number of contncts to the fewest 
possible, and of making those with the greatest degree of precision. 



the use of 
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The»n/"7v/// i/ij/frti/fir.i (if nieaE-uremeiit wk/i h<iT« of any 
kind an; : 

1. Kif:t>ssitj' of mi'asuring Hhort bases; l)e(;ausp of the number ut times 
Vfhich the bar mu.st be iiiuvud. 

2. EKjiense, as a considerable number ot uien are required. 

3. Slowness, the mcnsurcment uttcn occupying troni a month to six 

The iulvrniliiijit of moHBiireinent itiiide with a sti:el tapi- arc : 

1. (1 relit ri'iiu.'ticm in the number ot contncts, a^ the tajH-s nre aliout 
three hundred fe.t l,.n^' ii-; .-.mii.nred wilh l.iirs of ulH>ut twelve feel. 

2. Comiiiir.-iIivL'l)- .-ukiU cii^t becaurfo of the feiv persons rer|iiin-d. 

;i. Shortness of tlu! time cmployetl, nn hour ti>a milelx-ingnnorilinar}' 

4. Erriir.s in (Dtrnnometric: expansion mny bo reduci'il liy incronsiiigthe 
lenfTth of tlie b;we from .") miles, (hi- average lenfth of a bar oionHiired baae, 
tofi miles, not nn uni'cmimon length for tape measured bases. 




Fig. la). 
Stfel tapfs olfer ii means of iiH'usnriiig base liiii'S wliich is 
K-rior to timt oljtaiiied by iiieasuniifr Imrs, bircause they (.■onibiuc 
advaiitjij^es of fjr^at leiitjth and siidplicity of luanipiilation, 
li tbt! jji'ccisiiiii of the ehorter labonitory standards, providing 
y that mi'una Iw pfrfectf-d for eliminating the errors of tein- 
alure and of sii^ in tho tiipc. Base lines can be so conveniently 
I rapidly mcasurwl with long steel tapes aa to jiermit of their 
iifT made of greater len<^th than has been the practice wilh lines 
nsnred by b^trs. and a^ a rt-wiilt, still greater error" may be 
nidijced in tapc-me.isnn-d Imses and yd not alTcet the idciimite 
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expansion any more than will the errore in the latter, because of 
the greater length of the base. 

The tapes used for this work are of steel, either 300 feet or 
100 meters in length. The tapes used by the Coast Survey are 
101.01 meters in lencrth, (5.34 millimeters by 0.47 millimeters in 
cross -section, and weigh 22.3 grams per meter of length. They are 

subdivided into 20 meter spaces 
by graduations ruled on the sur- 
face of the tape, and their ends 
terminate in loops obtained 
either by turning back and an- 
nealing the tape on itself, or by 
fastening them into brass hand- 
les. When not in use, the tapes 
are rolled on reels for easy trans- 
portation. 

The steel tapes used by the 
Geological Survey are similar to 
those used by the Coast Survey, 
excepting in their length, which 
is a little over 300 feet. They 
are graduated for 300 feet and 
are subdivided every 10 feet, the 
last 5 feet of which at either end 
is subdivided to feet and tenths. 
The various instrument-makers now carry such tapes in stock, 
wound on hand -reels. All tapes must be standardized before and 
after use, by comj)arison with laboratory standards, and, if possible, 
thereafter fre(juently in the lield by means of an iced- bar apparatus. 
In measuring with steel tapes, a uniform tension must be 
applied. In order to get a uniform tension of 20 to 25 pounds, 
some form of stretcher should be used. That used by the T.S. 
Coast Survey consists of a base of brass or wood, 2 or 3 feet 
in length by a foot in width, ujK)n which is an upright metallic 
standard, and to this is attached ]>y a universal joint, an ordinary 
spring-balance, to which the handle of the tape is fastened. See 
Fig. 121. The upright standard is hinged at its junction with 
the base, so that when the tape is being stretched, the tapeman 
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can put the proper tension on it by taking hold of the upper end 
of the upright standard and using it as a lever, and by pulling it 
back toward himself he is enabled to use a delicate leverage on the 
balance and attain the proper pull. 

The thermometerti used are ordinary glass thermometers, 
around the bubbles of which should be coiled thin annealed steel 
wire, 80 that by passing them in the air ad jacent to the tape, a 
temperature corresponding to that of the tape can be obtained. 
Experience with such thermometers shows that they closely fol- 
low the tem])erature of the steel tay)e. For 
the best results, two thermometers should 
be used, each at about one -fourth of the 
distance from the extremities of the tape. 
The stretching device used by the U. S. 
Geological Survey is much simpler and 
more quickly manipulated than that of the 
Coast Survey. The chief object to be at- 
tained in tension is steadiness and uni- 




Fig. Vi.'l. formity of tension; the simplest device 

which will attain this end is naturally the 
best. Two general forma of such devices are employed by the U. S, 
Geological Survey, one for the measurement of base lines along 
railways, w^here the surface of the ties or the roadbed furnishes 
support for the tape, and the device must therefore be of such 
kind as to permit of the ends being brought close to the surface; 
the other is employed in measurements made over rough ground, 
where the tape may frequently bo raised to considerable heights 
above the surface and be supported upon pegs. 

The stretcher used by the Cieological Survey for measuring 
on railways is illustrated in Fig. 122, and was devised by Mr. II 
L. Baldwin. It consists of an ordinary spring-balance attached to 
the forward end of the tape, where a tension of twenty pounds is 
applied, the rear end of the tape being caught over a hook which 
is held steadily by a long screw with a wing-nut, by which the 
zero of the tape iiiay l>e exactly adjusted over the mark scratched 
on the zinc plate. The spring-balance is held by a w^ire running 
over a wheel, which latter is worked by a lever and lu»ld by 
ratchets in any desired j>osition, so that by turning the wlieel, a 
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uniform strain is placed on the spring-balance, which is held at 
the desired tension by the ratchets. 

The tape-stretcher used by the U. S. (Tcological Survey off 
railways consists of a board about 5 feet long, to the forward end 
of which is attached by a strong hinge, a wooden lever about 5 
feet in length, through the larger portion of the length of which 
is a slot. See Fig. 123. Through the slot is a bolt with wing- 
nut, which can be raised or lowered to an elevation corresponding 
with the top of. the hub over which measurement is being made; 
hung from the bolt is the spring- balance, to which the forward 
tapeman gives the proper tension by a direct pull on the lever, 
the weight of the lever and the friction in the hinge being such as 
to make it jiossible to bring about a uniform tension without dif- 
ficulty. The zero on the rear end of the tape is adjusted over the 
contact mark on the zinc by means of a similar lever with hook- 
bolt and wing-nut, but without the use of spring- balance. 

Laying out the Base. The most laborious operation in base 
measurement is its preliminary preparation, which consists of: 

1. Aligning with transit or theodolite; 

2. Careful preliminary lueasuremont for the placing of stakes on rough 

ground; 

3. Placing of zinc marking-strips on the stakes. 

Base lines measured with steel tapes across country are aligned 
with transit or theodolite, and are laid out by driving large hubs 
of 3 X scantling into the ground, the tops of the same project- 
ing to such a height as will permit a tape-length to swing free of 
obstructions. These large hul)s are placed by careful preliminary 
measurement at exact tape-lengths apart, and between them as sup- 
ports, long stakes are driven at least every 50 feet. Into the sides 
of these near their tops are driven horizontally, long nails, which 
are placed at the same level by eye, by sighting from one terminal 
hub to the next. The taj)e rests on these nails and on the surface 
of the terminal hubs are tacked strips of zinc on which to make the 
contact marks. A careful line of sj)irit -levels must be run over 
the base-lines, and the elevation of the hub or contact-mark of each 
tape-length must be determined in order to furnish data for 
reduction to the horizontal. 

In measuring over rough ground, six men are necessary: two 
tape -stretchers, two markers, two observers of thermometers, one 
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of whom will record. The co-operation of these men is obtained 
by a code of signals, the first of which calls for the application of 
the tension; then the two tape- stretchers by signal announce when 
the proper tension has been applied; then the rear observer adjusts 
the rear graduation over the determining mark on the zinc plate 
and gives a signal, upon hearing which, the thermometer recorder 
near the middle of the ta])e lifts it a little and lets it fall on its 
sup])orts, thus straightening the tape. Immediately thereafter the 
front observer marks the position of the tape graduation on the 
zinc plate, and at the same time the thermometers are read and 
recorded. 

After the measurement of the base line has been completed in 
the tield, the results of the measurement have to be reduced for 
various corrections, among which are: 

Comparison with standard measure: 

Corrections for inclination and sag of tape if such is used; 

Correction for temperature. 

The first correction to be applied is that of reducing the tape- 
line to the standard, " standardizing" the tape as it is called. By 
sending the tape to the National Bureau of Standards at Washing- 
ton, D. C, a statement may be had of the length of the tape com- 
pared with the standard. For this service a small fee is charged. 
For an' additional fee a statement may be had of the temperature 
and pull at the ends for which the tape is a standard. 

As the length of a steel tape varies WMth the temperature, one 
of the most uncertain elements in the measurement of a base with 
the steel tape, is the change in the length of the standard due to 
changes of temj)erature. Corrections, therefore, must be made for 
every tape-length as derived from readings of one or more ther- 
mometers applied to the tape in the course of measurement. 

Steel expands .()()(HKH)35i)() of its length for each degree 
Fahrenheit. This decimal multiplied by the average number of 
degrees of temperature above or below 02 degrees at the time of 
the measurement, gives the pro])ortion by which the base is to be 
diminished or extended on account of temperature changes. This 
correction is applied usually by obtaining with great care, the 
mean of all thermometer readings taken at uniform intervals of 
distance during the measurement. 
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The data for the correction for inclination of base are obtained 
by a careful line of spirit-levels over the base-line. In the course 
of this leveling, elevations are obtained for every plug upon which 
the tape rests. The result of this leveling is to give a profile 
showing rise or fall in feet or fractions thereof between the points 
of change in inclination of the tape-line. From this and measured 
distances between these points, the angle of inclination is com- 
[lUted by the formula 

sin <t> = jj 

In which I) is the length of the tape or measured base : 

and /t is the difference in height of the ends of ta[)e or 

measured base, expressed in feet. 

(f> is the angle of slope expressed in minutes. 

The correction in feet to the distance is that computed by the 

equation 

sin^ 1' 
(Correction — D 0' • 

An approx'niufie formula for reducing distances measured 
upon sloping ground to the horizontal is expressed by the rule : 
Divide the square of the difference of level by twice the measured 
distance, subtract the quotient thus found from the measured 
distance, and the remainder ecjuals the distance required ; thus 

in which (I ecjuais the horizontal or reduced distance. 

When the base measurement is made with steel tape across 
country, and accordingly is not supported in every part of its 
length, tlier*' will occur some change in its length, due to sag. As 
previously explaiiu'd. the tape should be rested upon supj)orts not 
less than 50 feet ajjart. With supports placed even this short dis- 
tance apart, however, a change^ of l(»ngth will occur ])etween them, 
while even greater changes will ocr.ur should one or more supports 
be omitted as in cros>ing a road, ravine, etc. Since taj)es are 
standardized l)y laying them u|)on a flat standard, it is necessary 
to determino the amount of shorten iiiij from the above causes. 
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The following reduction formiila3 apply : 

Let fn = weight per unit of length of tape : 
t = tension aj»plied 



a - 



t 
n =z number of sections into which tape is divided by 

supports. 
I =z length of any section 

L := normal length of tape or right- line distance l)e- 

tween n marks when under tension : = nl ai)- 

proximately. 

If a tape be divided by equidistant supports, the difference in 

distance between the end graduations, due to sag, or the correction 

for sag = (JL becomes 

If one or more supports are omitted, then the omission of rn 
consecutive supports shortens the tape by 

I -ni{}n \- 1) (m + 2) a' P: 

when / is the length of the section when no supports are omitted. 
E,rarnple. Let n ~ & \ I ■= 50 feet ; ir =^ .0145 = weight 
in pounds per foot found by dividing whole weight of tape by 
whole length ; ^ — 20 pounds. 

nl {^ly _ 0.0102 feet, 
24 ^ ' 

which is the amount of shortening of each tape-length. This cor- 
rection is always negative. 

If there had been 80 full tape-lengths in measured base-line, 
the total corrections for sag would be 86 X .0102 -- 1.393 feet. 

THE PLANE-TABLE. 

Construction. The plane-table consists essentially of a draw- 
ing-board mounted upon a tripod. This board is usually twenty- 
four ])y thirty inclies, constructed in sections to prevent warping; 
it is attached to the tripod by a three-screw leveling base arranged 
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to permit the board to be turned in azimuth and to be clamped in 
any position. 

The instrument la designed to at once sketch in the Held, to 
scale, the lengths and relative directions of all lines and the posi- 
tions of objects to be included in the survey. For drawing 
straight lines, a steel ruler is provided upon which is mounted at 
each end, a ])air of open sights like those of the compass, or, a tele- 
scope is mounted at the center of the ruler, fitted with stadia 
wires, a vertical arc and a longitudinal striding level. The eye- 
])iece should be inverting, and whether the open sights or the tele- 
scope is used, the line of sight should always be parallel to the 
edge of the luler. The straight edge with the attached telescope 
' or open sights is called the aluJadc 

For leveling the instrument, two cylindrical levels, at right 
angles to each other, are mounted upon the alidade and either an 
attached or detached compass is ])rovided for determining the bear- 
incr of lines. 

For attaching the ])ajx"r to the board, various devices are 
used. One consists of a roller at each end of the table uj>on one 
of which the paper is wound up as it is unrolled from the other, 
the edges of the paper being held close to the board by spring 
cli])s. This arrangement permits the paper to be used in a con- 
tinuous roll and to be tightJy stretched over the board. The use 
of the continuous roll of paper is undesirable, however, and 
separate sheets of proper size should be used, attached to the board 
• and held firmly in place by the spring clips provided with the 
instrument. The use of thumb-tacks should be avoided. 

Under the most favorable conditions, the plane-table is a very 
awkward instrument and diflicult to handle, but it is admirably 
adapted to filling in the details of a topographical survey. For this 
purpose it is the standard instrument of the United States Geo- 
detic Survey and is also largely used by the Ignited States Geolog. 
ical Survey. It cannot be used on dampor very windy days and is 
not therefore, of as general utility as the transit and stadia. 

Fig. 124 shows one form of construction of the ])lane table 
with leveling screws and Fig. 124<' shows a plane table with a much 
simpler form of leveling head. This latter was designed by Mr. 
W. I). Johnson and has received the approval of the to])Ographers 
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of tile I'nitt-d States (iedlot^ical Survey. Tlit^ whole arrangement 
is very liglit, but does not permit of as elose leveling aa does tlie 
UBiial form with leveling Bcrews. 
Adjustments. 

iBt. To d:li.,',fniu- vh.th.'r the ..■.Ige -f the riiltr Is xfmi'jht. 




V\k. ]24. 

Plac'u the ruler upon a smooth siirfaoe, and draw a line along its 
edge, and also lines at its ends. Reverse the ruler on these lines, 
and draw another line along its edge. If these two lines coineide, 
the ruler is straight. 
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2nd. I'o make the plane of the tahla himzimtnl when the' 
hubbies are in, the center of the ti/ben. Assuming the table to be 
plane, set the alidade in the middle of the table, level by means of 
the leveling screws, draw lines along the edge and ends of the 
ruler, and reverse the alidade on these lines. IE tlie bubbles 
remain in the center of the tiiln-H, they are in adjustment. If they 




do not, correct one-half of the error by means of the leveling 
scrrewa and the remainder by means of the capstan -headed screws 
of the level tubes. Repeat the operation until the bubbles remain 
ir; the center of the tubes in both positions of the alidade. 

Itrd. 7'" i""l-e the !!//.• if cnlh',iHit'';ii ]>erj'cn'r'evhir ti. the 
hovUiiutid ((.vi« of the teh-ifvi>j>e. 
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Level the table and point the telescope towards some small 
and well-defined object. Remove the screws which confine the 
axis of the telescope in its bearings, reverse the telescope in its 
bearings, that is, change the axis end for end, being careful not to 
disturb the position of the alidade upon the table, and again sight 
upon the same object. If the intersection of the cross hairs bisects 
the object, the adjustment is complete. If not, correct one-half 
of the error by means of the horizontal screws attached to the 
reticle. Sight on the object again and repeat the operation until 
the line of collimation will bisect the object in both positions of 
the telescope. 

4th. To wal'e the line of coUhuation parnllel to the axinof 
the bubble tube. 

Attach the longitudinal striding level to the telescope and 
carry out the adjustment by the *'peg" method as described for 
the transit. 

5th. To make the horizontal axia of the teleHcopejxtralhl to 
the plane of the table. 

Level the table and point the telescope to a well-defined mark 
at the top of some tall object, as near as possible consistent with 
distinct vision. Turn the telescope on its horizontal axis, and 
point to a small mark at the base of the same object. Draw 
lines on the table at the edge and ends of the ruler. Reverse 
on these lines, point the telescope to the lower object and turn the 
telescope upon its horizontal axis. If the line of collimation again 
covers the higher point, the adjustment is complete. If it does 
not, correct one-half of the error by means of the screws at one 
end of the horizontal axis. 

0th To mnke the vertJcal arc ar rircle read zero wht-n the 
line of voUhnatlon Is horizontal. 

Level the table and measure the angle of elevation or depres- 
sion of some object. Remove tlie table to the object, level as 
before, and measure the angle of depression or elevation of the 
first point Half the difference, if any, of the readings is the 
error of the adjustment. Correct this by means of the screws 
attached to the vernier plate, and repeat the operation until the 
angles as read from the two stations are equal. 
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Fig. 125. 



Use. The plane-table is used for the immediate mapping of 
a survey made with it, no angles being measured, but the direction 
and length of lines being plotted at once, upon the paper. The 
simplest case is the location of a number of points from one central 

point, called the method of radi- 
ation. The table is *<set up" so 
that some convenient point upon 
the paper is over a selected spot 
upon the ground and is then 
clamped in azimuth. Mark the 
point upon the table by sticking a 
needle into the board. Now bring 
the edge of the alidade in contact 
with the needle and swing it 
around until the line of sight, 
which is parallel to the edge of the ruler, is directed to the point to 
be located. Having determined the scale of the plat, a line is drawn 
along the edge of the niler to scale, equal to the distance to the 
desired point, such distance having been measured either with the 
tape or stadia. In the same way locate all of the other points, 
which may include houses, trees, river banks, etc. If the plane- 
table is set up in the interior of a field at a point from which all 
of the corners are visible, the corners can be thus located and after 
being connected, there results a 
plot of the area. Instead of occu- 
pying a point in the interior of the 
field, one corner may be selected 
from which all of the others are 
visible, or a point outside of the 
field may be chosen from which to 
measure the lines to the several 
corners. Evidently from such a 
survey, data is lacking from which 
to calculate the area, and either 
the map must be scaled for addi- 
tional data or the area measured with the planimeter. 

The Fig. 125 illustrates the method of surveying a closed 
area by the method of radiation. The plane-table is at the poini 
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o and drawn to an exaggerated scale. The area abode representing 
to scale, the area ABODE. It may be desirable to set up the 
table at some other point, as for instance one of the corners of the 
field, and run out some of the lines to the other corners as a check 
upon the work. 

Traversing, or the Method of Progression. This method is 
practically the same as the method of surveying a series of lines 
with the transit, but requires that all of the points be accessible. 
It is the best method of working as it provides a complete check 
upon the survey. 

Let ABODE, Fig. 126, be the 
series of lines to be surveyed by 
tnivermng. Set up the table at 
B, the second angle of the line, 
so that the point h upon the paper 
will be directly over the point 
B upon the ground. (The point 
h should be so chosen as to leave 
room upon the paper for as much 
of the traverse as possible.) Stick 
a needlo at the point h and place 
the edge of the alidade against it. Swing the alidade around until 
the line of sight covers the point A. Measure BA and lay it oflF to 
the proper scale as ha. Now turn the alidade around the point h 
and sight to and measure the distance BO and plot it to scale as he. 
Remove the instrument to c with the point e upon the paper directly 
over upon the ground, and S in the direction of OB. This is diffi- 
cult to accomplish with the plane-table, but if the plot is drawn to 
a large scale, it must be done. If the plot is drawn to a small scale, 
it will be sufficiently accurate to set the table over the point as 
nearly as possible in the proper direction and then turn the hoard 
in azimuth until h is in the direction of B. Stick a needle at c and 
check the length of ch. Swing the alidade around c until the line 
of sight covers D, measure OD and plot ed. Remove to D and 
proceed as before and so on through the traverse. 

If the survey is of a closed field, the accuracy of the work 
will be checked by the closure of the survey. 
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The method of progression is especially adapted to the survey 
of a road, the banks of a river, etc., and often many of the details 
may be sketched in with the eye. 

When the paper is tilled, put on a new sheet, and on it, fix 
two points, such as D and E, which were on the former sheet and 
from them proceed as before. The sheets can afterward be united 
so that all points on both shall be in their true relative positions. 

riethod of Intersection. This is the most rapid method of 
using the plane-table. Set up the instrument at any convenient 
point, as A in Fig. 127 and sight to all the desired points as I), E, 
F, etc., which are visible, and draw indefinite lines in their direc- 
tions. Measure any line as AB, B being one of the points sighted 
to, and j)lot the length of this line upon the paper to any convenient 
scale. Move the instrument to B so that h upon the paper will be 
directly over B upon the ground, and so that ha upon the paper 
will be in the direction of BA upon the ground as explained under 
the method of progression. Stick a needle at the point h and 
swing the alidade around it, sighting to all the former points in 
succession, and draw lines in their direction. The intersection of 
these two sets of lines to the several points will determine the 
|)Osition of the points. Connect the points as ^/, e^f^ y, in the 
figure. In surveying a field, one side may be taken as the base 
line. In choosing the base line, care must be exercised to avoid 
very acute or obtuse angles: 30° and 150^ being the extreme limitd. 
The impossibility of always doing this, sometimes renders this 
method deficient in precision. 

TOPOGRAPHICAL SURVEYING. 

A topographical map is one showing the configuration of the 
surface of the ground of the area to be mapped and includes lakes, 
rivers, and all other natural features, and sometimes artificial 
features as well. 

A topographical survey is one conducted for the purpose of 
acquiring information necessary for the production of a to|)Ograph- 
ical map of the area surveyed. 

Nearly all engineering enterprises involve a toj)Ographieal 
survey more or less extended, depending upon the nature and 
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importance of the contemplated work. The construction of an 
important building may involve a survey of the foundation site 
to determine the amount of cut and fill ; the construction of a 
bridge will involve a hydrographic survey of a body of water to 
acquire information in regard to direction and velocity of current, 
depth of water, nature of bottom, and proper site for piers and 
abutments. A proposed railroad will not only involve a survey 
of the line itself, but a topographical survey extending from 200 
to 400 feet upon each side. The design of a sewer system or a 
waterworks system, dams, reservoirs, canals, irrigation channels, 
tunnels, etc , all involve topographical surveys. 

In what follows it is intended to outline the methods of con- 
ducting field operations, based partly upon the nature and impor- 
tance of the problem involved, and partly upon the instruments 
used. The different methods of representing topography and the 
involved drafting-room work will be fully treated in Topographical 
Drawing. 

The field operations, in so far as the methods and instruments 
are concerned, may be classified as follows : 

1. Sketching by the eye, without or with the tape for measuring dis- 
tances. 

2. Sketching with the aid of the Locke hand-level or clinometer, hori- 
zontal distances being measured either by pacing or with the tape. 

3. Determining the elevation of points with the wye-level, horizontal 
distances being determined either with the stadia or tape. 

4. Determining points with the transit and stadia. 

5. Topographical sketching with the plane-table and stadia. 

6. Photography. 

7. Triangulation. 

It is evident that the first method is entirely lacking in accu- 
racy^ and such work should be dpne only when speed is the most *< 
important consideration, only the roughest approximation to the 
topographical features being attempted ; contour lines cannot be 
located. Work of this nature is of value principally for purposes 
of promoting an enterprise ; artistic, showy plates being desired. 
Little can be said descriptive of the manner of carrying out the 
field work, since this will require coneiderable artistic ability as 
well as the ability to '' see " things and est'aiate distances. Com- < 
paratively few men possess the ability to carry out topography of 
this nature. It necessarily follows that the work must be done 
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entirely by sketching in the field, and for this purpose the 
following equipment is needed : 

2 or 3 medium pencils, kept well sharpened. 

Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper, 14" X 14", 

One light drawing board, 15" X 15". 

A pocket compass will be useful in determining the bearing 
to prominent objects to tie in the stations of the survey. A Locke 
hand -level or Abney clinometer will also be useful for finding 
approximate heights, and either of these instruments can be 
readUy carried in the pocket. It will be more convenient to have 
the paper cross-ruled into one-fourth inch squares, the center line 
being ruled in red, but if drawing paper is used, it will be neces- 
sary to add an engineer's scale to the equipment. The l)ack of 
the drawing board should be fitted with a leather pocket, with flap 
and button, in which the blank sheets and the finished topographic 
sheets should be kept. A strap attached to the board and to go 
over the shoulder, will prove a great convenience. A waterproof 
cover should be provided to protect the board and sheets in case 
of rain. 

A compass or transit survey forms the backbone of the topog- 
raphy, and the sketching should include an area upon each side of 
the line so surveyed, and running parallel with it. 

A separate sheet should be used for each course (by course is 
intended the straight line from one turning point to the next), no 
matter how short it may be. Begin at the bottom of the sheet 
and sketch the topography up the sheet, that is, in the direction 
of the progress of the survey, and number the sheets in order. 
Begin each new sheet with the same station that ended the preced- 
ing sheet. After the field work is completed, the sheets can be 
laid down in order, the angles between their center lines corre- 
sponding to the deflection angles as given by the transit notes of 
the survey. The topography can now be traced upon tracing cloth 
in a continuous sheet. The method above outlined will result in 
a saving of time, especially in working up the topographic plat. 

The second method commends itself in connection with a 
preliminary survey of a highway, steam or electric road, irriga- 
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tion channels, canals, etc. The ecjuipment should be as follows ; 

1 or 2 straight edges, about 12 feet in length. 
1 or 2f 100-foot steel tapes. 
1 or 2 plumb-bobs. 

1 pocket compass. 

2 or 3 medium pencils, kept well sharpened. 
Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper or cross-section paper, 14" X 14". 

One light drawing board, 15" X 15" with waterproof cover. 

The topographic party should be made up of the topographer 
and one or two assistants, depending somewhat upon the nature of 
the survey and the country traversed. If the country permits of 
rapid progress of the transit and level party, two assistants will be 
necessary to keep the topography abreast of the survey. Ilapid work 
may, however, be done with one assistant, provided the topograj)hy 
does not extend more than 200 feet each side of the transit line. 

The Abney clinometer is well adapted for this class of work, 
on account of its portability, which is an important item in a 
rough country with steep side slopes. It can be used in the same 
way as the Locke hand-level, if necessary, but is a more generally 
useful instrument, as is described in Part 1. The straight edge 
should be of well -seasoned, straight-grained material, as light as 
possible, but so constructed as to prevent warping. It should be 
divided into spaces of one foot each, painted alternately red and 
white. The tapes should be of band steel, as they are subjected 
to rough usage, and they should be divided to feet and tenths at 
least. A plumb-bob is necessary for plumbing down the end of 
the tape on steep slopes. The pocket compass is a neceasarij 
adjunct in work of this character. The drawing paper should 
preferably be cross-section paper ruled into one-fourth inch squares 
with a heavy center line in red, but if ordinary drawing paper is 
used, it will be necessary to include in the outfit an engineer's 
scale, by means of which distances may be platted upon the sheet. 
Enough of these sheets should be carried to cover a day's work, but 
no more. The drawing board should be fitted up as described 
under the previous method. 

Method of Procedure. The transit line furnishes, of course, 
the backbone of the survey, and the topography will be taken for 
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the proper distance upon each side of this line, by locating points 
both as to distance and elevation, upon perpendiculars from the 
transit stations. In rough country, it may y)e necessary to locate 
these points intermediate between the transit stations. Before 
starting out upon a day's work it is necessary to procure from the 
level party, the elevation of the transit stations, or if the topog- 
raphy keof)s pace with the transit survey, the elevation may be ob- 
tained from the leveler at each station. For points intermediate 
between transit stations, the elevations may be gotten closely 
enouirh with the clinometer or hand-level. The number of each 
station as well as its elevation, should be noted upon the topo- 
graphic sheet, and the topography will include the location of 
contour lines, at proper vertical intervals, as well as all streams, 
lakes, property lines, etc. An example showing the method of 
keeping the field notes, will at the same time best serve to explain 
the methods of conducting the survey. 

Betrinnino; with station at the bottom of the sheet, the 
number and elevation of the station are noted. See Fig. 128. 
Sendincr the assistant out upon one side of the transit line and at 
right angles thereto, he holds the rod at points to be designated by 
the to])Ographer, the distances to be determined by pacing, or with 
the tape, and the elevations determined either by sighting upon 
the rod with the clinonieter, or by laying the straight edge upon 
the ground at right angles to the line and applying the clinometer 
to it to determine the slope, from which elevations can at once be 
determined. Contour points are then readily interpolated and the 
distance out platted to scale upon the sheet and a note made of the 
elevation of the contour lines. If a lake or stream intervenes 
within the limits of the topographic survey, determine the distance 
to and elevation of the shore line and plat upon the sheet. Deter- 
mine points upon the other side of the transit line in the same way. 

If one or more contour lines cross the transit line between 
stations, determine the })oints of crossing and plat the points upon 
the sheet, to scale, as shown between stations and 1. It will he 
noticed in this case that the elevation of station 0, is 138 feet and 
of station 1, is 141 feet. If contours are to be taken at vertical 
intervals of five feet, it is apparent that the 140-foot contour line 
must cross the transit line between these stations. If the elope of 
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Fig. 1-28. 

the ground is uniform, the point of crossing may be taken at two- 
thirds of the distance from to 1. Otherwise, locate the point 
with the clinometer. 
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P^. 128. 
Now go to station 1 and locate contour points and other 
topographic features as before described, and connect jK>ints in the 
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same contour line, sketching in the curve of the line with the eye. 
Use a separate sheet for each portion of the transit line from turn- 
ing point to turning point; this will require that the turning 
points appear upon tw^o consecutive sheets. Likewise, if the length 
of the line between turning points is too long to be platted upon a 
single sheet, begin the second sheet with the same station that 
completed the lirst sheet and so continue throughout the survey. 
Ab each sheet is completed, number it and return to the pocket on 
the back of the drawing board. The pocket compass should be 
used for determining the bearing of property lines, roads, streams, 
etc., crossed by the survey, and to take the bearings to prominent 
objects. 

The to[)ographic sheets should be filed away in such a manner 
as to make them easily accessible at any time, as the engineer in 
charge of the transit survey may wish to consult them from time 
to time. The office work of preparing the topographic plat can be 
very exj)editiou8ly carried out as before described. 

The use of the wye-level as a topographic instrument is 
limited, but for certain kinds of work the instrument is the most 
satisfactory, as for instance, the survey of a dam-site; the survey 
of a reservoir-site; the survey of a town preparatory to planning 
sewer and waterworks systems and the planning of street pave- 
ments. 

The instrument should be fitted with stadia wires for measur- 
ing horizontal distances, and this will usually prove a great conven- 
ience, resulting in saving of both time and expense. A steel 
tape should, however, be included in the equipment for field work, 
for the purpose of checking measurements with the stadia. In 
addition to the above there should be provided, the following 
equipment: 

Self-reading level rod, capable of being read to hundredths of a foot. 

Hatchet. 

Marking crayon. 

2 or 3 medium pencils, kept well sharpened. 

Plumb-bob. 

Rubber eraser. 

Portable turning point. 

The method of using the level rod in connection with the 
atadia for measuring distances has been fully discussed in Part II. 
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The portable turning point will prove of great convenience 
and may be made from a triangular piece of thin steel, with the 
corners turned down to project about one inch. 

If the level is to be used with the tape, the party will be 
made uj) of the levelman, two tapemen and a rodman, unless the 
nature of the work will ]>ermit of the rodman carrying the rear 
end of the ta|)e. If the stadia is used for measuring distances, 
only the rodman will be required in addition to the levelman. 
The levelman carries the note book and enters into it all rod 
readings both for elevation and distances. These notes should be 
entered upon the left-hand page, the right-hand page being re- 
served for notes and sketches, which should be as full as possible. 
The levelman should cultivate the practice of calculating the ele- 
vations of the stations as the work progresses, at least of the 
turning points and bench-marks, in order that the results may be 
checked and errors discovered at once and corrected. If this work 
is left to be afterward carriod out in the office, errors may bie dis- 
covered that may require considerable time to locate and correct. 

If the area to be surveyed is, for instance, a reservoir site, it 
will be found most convenient to cover the area with a system of 
rectangles as shown in the figure, the parallel lines being spaced 
from 200 to 400 feet apart as may be most desirable. These lines 
should be run in with the transit, stakes being set at the inter- 
sections of the cross lines, or if the area is not very extended and 
is comparatively level, by means of the level itself, the perj>en- 
dieular distances between the parallel lines being measured with 
the tape. 

These lines having been laid down, the next step is to estab- 
lish a system of bench-marks over the area. Begin by establishing 
a *' standard " bench-mark at some central point upon a permanent 
object, easily identified, and from thence radiate in all directions, 
returning finally to the original bench-mark for purposes of 
checking. Having located and satisfactorily checked the bench- 
marks, begin by running the level over all the lines running in 
one direction, as from A to B, back from V to I) and so on, taking 
rod readings at every fifty or one hundred feet, in addition to the 
readings at the stakes at intersections of cross lines. It is to be 
understood that stakes are not to be driven at the intermediate 
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points. Next run the level over the lines at right angles to the 
former ones and in the same way, checking the levels at inter- 
sections. Advantage should be taken of every opportunity to 
check upon bench-marks previously located, and to establish 
others. 

In keeping the field records, the notes of the two sets of lioes 
should be kept in separate books ; that is to say, if, for instance, 
one set of lines run north and south, and, therefore, the other ea^t 
and west, the notes of the north and south lines should be entered 
in one set of books and the notes of the east and west lines in an- 
other set, and a note should be made of the direction in which a 
line is run, as from north to south or from eaat to west. 

In conducting a survey for the preparatioa of a topographical 
map necessary to the design of a sewer or waterworks system, 
much the same method is to be followed, but now the str^a and 
alleys take the place of the rectangular system referred to above. 
As before, all the streets and alleys running in parallel directions 
are to be gone over in a systematic way, readings being taken fifty 
or one hundred feet apart in addition to street and alley intersec- 
tions. (By street and alley intersections is intended the intersec- 
tions of the center lines, the lines of levels being run along these 
center lines.) If a fairly accurate map of a town is available, the 
distances measured with the tape along the center line of thestreeta 
and alleys will serve as a check upon the map. If, however, dis- 
crepancies occur or there is no map available, it vnll be necessary 
to use the transit for staking out .street lines and for determin- 
ing the relative directions of these lines. It follows that the 
topography of the ground between streets and alleys can only be 
approximated, but sufficient points accurately determined will 
have been established to permit the platting of a contour map, 
from which the system can be laid down. 

The office work involved in the survey of an area, as above 
described, consists in preparing profiles of the level lines and pre- 
paring a plat of the lines surveyed. From the profiles the contour 
points can be laid down in their proper position upon the plat, and as 
each point is laid down, its elevation should be noted in pencil, and 
after all the points have been platted, the points in the sameeontour 
line can be connected — preferably free-hand — producing the con- 
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tour map. The scale to be adopted will depend upon the nature 
of the work, but should be as large as possible, oonsistent with the 
ooDvenient handling of the map. 

Transit and Stadia. The method by transit and stadia is of 
more general application than the preceding method, points being 
located by " polar co-ordinates," that is to say, by direction and 
distance from a known point, the elevation being determined at 
the same time. 

Method of conducting field operations. If the area to be sur- 
veyed 13 small, the preceding method, based upon a system of 
rectangles, will prove satisfactory, and the elevations of the corners 
and salient points can be determined at the same time, that the 
lines forming the rectangles are being laid down. Especial care 
should be taken to check the elevations of the corners. 

In making a survey for a sewer or a waterworks system, the 
transit and stadia method will be found efficient, especially in cases 
where no survey has previously been made, the map, if it exists at 
all, having been compiled from the records in the County Record- 
er's office. The bench-marks necessary in a survey of this kind, 
however, should be established with the wye-level, and it may be 
desirable to determine the elevation of street intersections in the 
same way. 

If the area to be surveyed is too large, or of uneven topography, 
proceed as follows: Choose a point, as the intersection of two 
streets, the corner of a farm, or an arbitrary point conveniently 
located and drive a stake tirmly at this point, <^ witnessing '' 
it from other easily recognized points or stakes. The transit should 
be set over this point with the vernier reading zero, and theinstru- 
ment pointed by the lower motion in the direction of the meridian. 
This may be the true meridian previously determined, the mag- 
netic meridian as shown by the needle, or an arbitrary meridian 
assumed for the purpose of the survey. It will generally be more 
satisfactory to run out a true meridian by means of the solar 
attachment, but in any event the direction of the line taken as a 
meridian should be defined by stakes, firmly driven into the ground, 
and " witnessed " by stakes or other objects easily recognised. 
The elevation of the starting point, if not known, is assumed and 
recorded in the notebook. A traverse line should now be run^ its 
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position and direction chopen with a view to obtaining from each 
station the largest possible number of pointings to salient features 
of the area under survey, and these pointings are taken while the 
instrument is set at any station, and before the traverse is com- 
pleted. 

The length of each course is measured with the stadia, and 
together with the azimuth and the vertical angle, it should be 
recorded in the notebook. The length, azimuth, and vertical angle 
of each course should be read from both ends to serve as a check. 
The additional pointings taken from each course of a traverse are 
usually called '' side shots", and for each there are required the 
distance, azimuth, and vertical angle. These, will locate the point 
and determine its elevation. 

The method of using the stadia has already been quite fully 
discussed in. Part II., and need not be repeated. 

The points selected for side shots should be such as will 
enable the contours to be platted intelligently a::d accurately upon 
the map of the area under survey. They should be taken along 
ridges and hollows and at all changes of slope. They should be 
taken at frequent intervals along a stream to indicate its course, 
or along the shore of a lake. It is usually recjuired that the 
location of artificial structures, such as houses, fences, roads, etc., 
be determined that they may be mapped in their proper position. 
Pointings, therefore, should be taken to all fence corners and 
angles, and to enough corners and angles of buildings, to permit 
of their being platted. Sufficient points should be taken along 
roads to determine their direction. Wooded lands, swamps, etc., 
may be indicated by pointings taken around their edges. In 
addition to the notes above described, the recorder should amplify 
the notes with sketches, to aid the memory in mapping. 

The traverse, of course, forms the backbone of such a survey, 
and the accuracy of the resulting topographical map will depend 
upon the degree of care bestowed upon running the courses. 
Over uneven ground, it is often desirable to run a secondary trav- 
erse from the first, for the more rapid and accurate location of 
points. 

llie organization of a party will depend upon the nature 
of the country traversed and of the results required. Changes in 



r 



PLANE SURVEYING 193 



the make-up of parties, as given below, will suggest themselves 
for any special work. 

For economy and speed, the party for taking topography with 
transit and stadia will consist of a transitman or observer, a 
recorder in charge of the notebook, who should be capable of making 
such sketches as are necessary, and two to four men with stadia 
rods. The greater the distances to be traversed by the stadia men 
between points taken, the greater number the observer can work 
to advantage. One or two axemen may be employed if clearing 
is to be done. 

The party may be reduced to two men — one to handle the 
instrument, record notes and make sketches, the other to carry the 
rod. 

The Plane Table and Stadia. The plane table is an instru- 
ment intended for topographic purposes only and is used for the 
immediate mapping of a survey made with it, no notes of angles 
being taken, but the lines being platted at once upon the paper. 
The use of the plane table has been fully described. In to])o- 
graphical work over an extended area, it may be used for filling in 
details, based upon a previous traverse made with a transit, or 
based upon a system of triangulation as will be described. Over 
small areas, the traverse itself may be run with the plane table 
and the details filled in at the same time. It is the standard in- 
strument of the United States Geological Survey and is largely 
used upon the United States Geodetic Survey. 

The points in favor of the plane table are : Econon^y, since 
the map is made at once without the exjKMise of notes and sketches; 
and as the mapping is all done upon the ground to be represented, 
all of its peculiarities and characteristics can be correctly repre- 
sented. 

On the other hand, the plane table is an instrument useful 
only for taking topography ; the rodmen are idle while the map- 
ping is being done ; the instrument is more unwieldy than the 
transit, particularly. upon difficult ground ; the record of the work 
for a long period is constantly exposed to accident ; the distortion 
of the paj)er with the varying dampness of air, introduces errors 
in the map ; while the area exposed makes it too unstable to use 
in hitrh winds. 



IW 1»LANE SURVEYING 



The organization of a party for the taking of topography, 
using the plane table, is much the same as with the transit and 
stadia ; however, on account of the weight of the instrument, 
means of transportation must be provided. 

A less number of rodmen can be employed than with the 
stadia, owing to the time required for mapping. 

An observer, a man to reduce stadia notes and sketch topog- 
raphy around points determined by intersection or stadia from 
the plane table station, and one rodman, will make the minimum 
working party, in addition to which, axemen and a team for trans- 
portation will be required. 

Photos^raphy. The following is taken from Gillespies Sur- 
veying (Staley). 

" Photography has long been successfully employed by 

European engineers, notably those of Italy, for the purpose of 

taking topography. The Canadian Government has also employed 

it successfully in the survey of Alaska. 

The recommendation of this method is the great saving of 
time in the field, while giving topographic features with all the 
accuracy required for maps to be platted on a scale of 1 to 25,000. 

M. Javary states that the maximum error both for horizontal 
distances and elevations, using a camera with a focal length of 
twenty inches and a microscope in examining the points, was 
only 1 in 5,000 as deduced from a number of cases. 

M. Laussedat, in his work, found that this method did not 
require more than one-third the time necessary by the usual 
methods. 

This makes it especially suitable in all mountainous regions, 
where so much time is lost in getting to and from stations, that 
little is available for observations and sketching. 

A single occupation of a station with photographic apparatus 
would suffice to complete work that with the ordinary methods 
would require several days." 

Instruments. The ordinary camera may be used, if it is pro- 
vided with a level. A tripod head for leveling the instrument, 
and a roughly graduated horizontal circle for reading the direction 
of the line of sight, when photographing different parts of the 
horizon, are convenient attachments. 
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A camera is sometimes used upon a plane table, the record 
of the work being made upon the paper in connection with a set 
of radial lines drawn from the point representing the station 
occupied. 

Many special forms of instrument combining the camera and 
theodolite have been devised, some one of which should be used 
if work of this kind is to be undertaken on a large scale. For a 
description of these instruments, and a complete treatise on this 
subject, comprising a discussion of the requirements of the appa- 
ratus, the fundamental principles of photography, methods of field 
work, forms of notes, reduction of notes and making of the map, 
together with the bibliography of the subject, see United States 
Ooast and Geodetic Survey Ileport, 1898, Part II., Appendix 8. 

The camera tripod as ordinarily constructed is too unstable 
for purposes of topographic surveying, and it is desirable to have 
a tri|K)d constructed especially for this class of work. Glass plates 
are heavy and awkward to carry aside from their fragile nature. 
Cut fihns can be procured in any of the standard sizes, and as 
they are light and stand rough handling and give ordinarily as 
good results as the glass ])lates, they are to be preferred. Their 
cost is about double that of the irjass. 

TRIANQULATION. 

This method of surveying is sometimes called *' Trigonometric 
Surveying" and sometimes '* Geodetic Surveying", though this 
latter is properly aj)plied only when the area to be surveyed is so 
extensive that allowance must be made for the curvature of the 
earth. Since this instruction paper is devoted to Plane Surveying 
only, the curvature of the earth will be neglected. 

Triangulation, or Triangular Surveying, is founded upon the 
method of determining the position of a point at the apex of a 
triangle of which the base' and two angles are measured. Thus in 
Fitr. 120 the lencrth of the base line AB is measured and the 
angles PABand PBA are measured, from which can be calculated 
the lengths of the sides PA and PB. This calculated length of 
PA will then be taken as the side of a second triantjle, and the 
angles PAG and PGA measured, from which the other sides of 
the triangle can be calculated. By an extension of this principle, 
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Fig. 129. 



a field, farm, or a country can be surveyed by measuring a bast? 
line only, and calculating all of the other desired distances, which 
are made the sides of a connected series of imaginary triangles 
whose angles are carefully measured. 

Measurins: the base line. For 
a base line, a fairly level stretch 
of ground is selected, as nearly as 
possible in the middle of the area 
to be surveyed, and a line from 
one thousand feet to one-half mile, 
or longer, is very carefully meas- 
ured. The ends of this line are 
marked with stone monuments or 
solid stakes. If the survey is of 
sufficient importance, the ends of 
the base line and the apexes of the 
triangles should be peniianently 
preserved by means of stones not less than six inches square in 
cross-section and two feet long, these stones being set deep enough 
to be beyond the disturbing action of frost. Into the top of this 
stone should be leaded a copper bolt about one-half inch in diam- 
eter, the head of the bolt being marked with a cross to designate 
the exact point. The point may be brought to the surface by a 
plumb-line for use in the survey. The location of each monument 
should be fully described with reference to surrounding objects of 
a permanent character, so as to be easily recovered for future use. 
The measurement of the base line for the areas of limited 
extent should be made with a precision of from one in five thousand 
to one in fifty thousand, depending upon the scale of the map, 
the extent of the area under survey, and the nature and importance 
of the work. 

The two ends of the base line having bee;i determined and 
marked, the transit is set over one end and a line of stakes ranged 
out between the two ends, especial care being taken to make the 
alignment as perfect as possible. These stakes should be not less 
than two inches square, driven firmly into the ground, preferably 
at even ta])e lengths apart, or at least at one-half or one-quarter 
tape lengths, center to center; the centers should be marked by 



r; 

» 
i 

* 
I 

i 

i 



PLANE SURVEYING 197 



line scratches upon strips of tin or zinc tacked to the top of the 
stakes. 

For ordinary work the base line may be measured with a tape, 
notes being made of the temperature, pull, gnide, and distances 
between supports, the tape having been previously standardized. 
For a degree of precision, such as is attempted upon the work of 
the United States Coast and Geodetic Survey, more refined methods 
are used, but as this properly belongs to geodetic surveying, it is 
unnecessary to consider it here. 

Measuring the angles. After establishing and measuring 
the base line, prominent points are chosen for triangulation ])oint8 
or apexes of triangles, and from the extremities of the base line 
angles are observed to these points, care being taken to so choose 
the points that the angles shall in no case be less than 30^, nor 
more than 120^^. The distances to these and between these points 
are then calculated by trigonometric methods, the instrument being 
then placed at each of these new stations and angles observed from 
them to still more distant stations, the calculated lines being used 
as new base lines. This process is repeated and extended until the 
entire district included in the survey is covered with a network of 
" primary triangles '' of as large sides as possible. One side of the 
last triangle should be so located that its length can be determined 
by direct measurement as well as by calculation; the accuracy of 
the work can thus be checked. Within these primary triangles 
secondary or smaller triangles are formed to serve as the starting 
points for ordinary surveys with the transit and tape, transit and 
stadia, plane table, etc., to fix the location of minor details. 
Tertiary triangles may also be formed. 

When the survey is not very extensive, and extreme accuracy 
is not required, the ordinary methods of measuring angles may be 
employed. Otherwise there are two methods of measuring angles, 
called, resj)ectively, the method of repetition and the method by 
continuous reading. When an engineer's transit is used for 
measuring angles, the method by repetition is the simplest and 
best and is carried out as follows : The vernier is preferably set 
at zero degrees and then by the lower motion turned u|)on the left- 
hand station; the lower motion is then clamped and the. instrument 
turned by the upper motion upon the right-hand station; the 
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upper motion is then clamped and the instrument turned by the 
lower motion upon the left-hand station; lower motion clamped 
and instrument again turned by upper motion upon right-hand 
station. This process is repeated as often as may be necessary to 
practically cover the entire circle of 360"* and the circle is then 
read. This reading divided by the number of repetitions will give 
the value of the angle. 

Now reverse the telescope and repeat the observations 
described above, but from rifjht to left; the readings being taken 
in both directions to eliminate errors due to clamping and unclamp- 
ing and personal errors due to mistakes in setting upon a station. 
The readings should be taken with the telescope both direct and 
reverse to eliminate errors of adjustments. Both verniers should 
be read in order to eliminate errors due to eccentricity of verniers, 
and the entire circle is included in the operation in order to elim- 
inate errors due to graduation. 

The second method, by continuous reading, consists in point- 
ing the telescope at each of the stations consecutively, and reading 
the vernier at each pointing; the difference between the consecu- 
tive readings being the angle be- 
tween the corresponding points. 
Thus in Fig. 130 with the instru- 
ment at zero, the telescope is first 
directed to A and the vernier is 
read; then to B, C, D, E, etc., in 
succession, the vernier being read 
at each pointing. The reading 
of the vernier on A, subtracted 
from that on B, will give the angle 
AOB and so on. It is necessary 
in this method, to read both to 
the right and to the left, and with the telescope both direct and 
inverted. Since each angle is measured on only one part of the 
limb, it is necessary after completing the readings once around 
and back, to shift the vernier to another part of the limb and 
repeat the readings in both directions, and with the telescope 
direct and inverted. This is done as many times as there are sets 
of readings. Each complete set of readings to right and left, with 
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the telescope direct and inverted, gives one value for each angle. 

The lengths of the sides of the triangles should be calculated 
with extreme accuracy in two ways if possible, and by at least two 
persons. Plane trigonometry may be used for even extensive 
surveys; for though these sides are really arcs and not straight 
lines the error under ordinary circumstances will be inappreciable. 

Radiating Triangulation. This method as is illustrated in 
Fig. 131 consists in choosing a conspicuous point O, nearly in the 
center of the area to be surveyed. Other points as A, B, C, D, 
etc., are so chosen that the signal at () can be seen from all of 
them, and that the triangles ABO, BCO, etc., shall be as nearly 
equilateral as possible. Measure 
one side, as AB for example, 
and at A measure the angles 
OAB and OAG; at B measure 
the angles OB A and OBC; and 
so on- around the polygon. The 
correctness of these measure- 
ments may be tested by the sum 
of the angles. It will seldom be 
the case, however, that the sum 
of the angles will come out just 
even, and the angles must then 
be adjusted, as will be explained 
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later. The calculations of the lengths of the unknown sides are 
readily made by the usual trigonometric methods; thus in the tri- 
angle AOB, there are given one side and all of the angles of the 
triangle from which to calculate AO and BO. Similarly all of 
the triangles of the polygon may be solved, and finally the length 
of OA may be measured and compared with the calculated length, 
as found from the first triangle. 

A farm or field may be surveyed by the previously described 
method, but the following plan will often be more convenient : 
Choose a base line as AB within the field and measure its length. 
Consider first the triangles which have AB for a base, and the 
corners of the field for vertices. In the triangle ACB for example 
(see Fig. 132), we measure the angles CAB and CBA and the 
length of the base line AB. We can therefore calculate the length 
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of AC and BV. Next consider the field hs made up of triangles 
with a comuion vertex A. In eaeli of theni, two sides and the 
included anj^le are f^iven, to find the third side. If now the point 
B at the other end of the base line he taken for a common vertex, 
a check will be obtained upon the work. 

A field or a farm or any inaccessible area such as a swamp, 
a lake, etc., may ])e surveyed without enterinir it. P'or a farm or 
any area permitting unobstructed vision, it will only be necessary 

to choose a base line AE, from 
which all of the corners of the 
farm, or all of the salient points 
of the area, can be seen. Take 
their bearings, or the angles be- 
tween the base line and their 
directions. The distances from 
A and B to each of them can be 
calculated as described, and the 
figure will then show in what 
manner the content of the field 
is the difference between the contents of the triangles having A 
or B for a vertex, which lie outside of it, and those which lie 
partly within the field and partly outside of it. Their contents 
can be calculated, and their difference will be the desired content. 
See Fig. 133. Evidently the entire area included between the cor- 
ners of the field and the base line is the sum of the triangles A2B, 
2B3 and 3B4. Subtractini; from this sum the areas of the tri- 
angles 2A1, lAB, 1I>(), 5(>H and 5B4, there will remain the 
required area of the field, 12345(). 

In all of the operations which have been explained, the posi- 
tion of a point has been determined by taking the angles, or bear- 
ings, of two lines passing from the two ends of a base line to the 
unknown ])oint, but the same determination may be effected 
inversely by taking from the point the bearings by compass of the 
two ends of the base line or any two known points. The unknown 
])(>int will then be fixed by j)l()tting from the two known points, 
the opposite b(*arings, for it will be at the intersection of tljtJ lines 
thus determined. 
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Tlie determination of a point by the method founded on the 
intersection of lines, has the serious defect that the point sighted 
to will be very indefinitely determined if tbe Jines which fix it 
meet at a very acute or a very obtuse angle, which the relative 
position of the points observed from and to often render unavoid- 
able. Intersections at right 
antjles should therefore be 
sought for, so far as other con- 
siderations will permit. 

Adjusting the Triangle. 

All of the angles of a given tri- 
angle are measured. If but two 
have been measured, and the 
third computed, the entire error 
of measurement of the two angles 
will be thrown into the third 
angle. It will be found, upon 
adding together the measured angles of a triangle, that the sum of 
the three angles is almost invariably more or less than 1<S() . With 
the engineer's transit the error should be less than one minute. 
If there is no reason to suppose that one angle is measured more 
carefully than another, this error should be divided equally among 
the three angles of the triangle, and the corrected angles are used 
in computing the azimuths and lengths of the sides. This distri- 
bution of the error is called ^•adjusting" the triangle. With the 
large systems of extensive geodetic surveys much more elaborate 
•methods are employed, since a large number of triangles must be 
adjusted simultaneously so that they will all be geometrically con- 
sistent, not only each by itself, but one with another. 
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